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ABSTRACT 


The provision of efficient transportation facilities, especially 
for the journey-to-work, is one of the greatest problems now facing urban 
centers. It is therefore becoming increasingly important to determine 
the factors that underly the journey-to-work patterns to major employment 
centers in urban areas, since they constitute an important component of 
the urban transportation problem. 

The purpose of this study is to investigate the spatial pattern 
of the journey-to-work trips in Edmonton and to discover the factors 
significantly related to this pattern. The origin-destination statistics 
related to work trips, distance, travel time by transit and by automobile, 
car ownership ratio, parking cost and land use characteristics of the 
234 Traffic Zones in the city for 1971, obtained from the City of Edmonton, 
Transportation Planning Branch, are used in this study. Five employment 
centers in the city were identified. These comprise the Central Business 
District, the University of Alberta and three (3) peripheral industrial 
zones located in the South east, North west and North east of the city, 
respectively. 

The spatial pattern of the journey-to-work obtained shows 
that although each employment center identified receives work trips from 
all parts of the city, the effect of the Central Business District is 
dominant. The work trip catchment area of the Central Business District 
approximates the residential location pattern of the city whereas the 
remaining employment centers indicate a denser cluster of attraction in 
areas immediately surrounding them as well as a strong distance-decay 


effect. 
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The attractiveness of the Central Business District for work 
trips and , more importantly, the generation intensity of the zones which 
takes distance into consideration indirectly, are the most important 
variables related to work tripmaking to the Central Business District. 
Other variables do not improve the amount of variation explained by 
these. 

The number of work trip origins and destinations and an 
appropriate measure of spatial separation are the variables that contri- 
bute most significantly to the explanation of work trips to the 
industrial zones. The introduction of other variables related to 
accessibility and land use density slightly improve or these models 
in the industrial zones, whereas they have no effect in the Central 
Business District. The socio-economic variables used, namely, parking 
cost at destination and car ownership ratio at origin fail to be 
significantly related to work tripmaking to any of the employment centers. 

Attempts to develop models for the University of Alberta were 
unsuccessful. This may be attributed to the fact that the University 
attracts a variety of workers and students whose residential location 
decision is influenced by family and economic considerations and this 
gives rise to weak explanation using the variables available for this 
study. 

The testing of the models indicates that they are relatively 
stable and that they seem to perform better for prediction when the 
values are aggregated according to Traffic districts instead of the 
smaller Tratfic zones. However, a meaningful spatial pattern of 
distribution of residuals predicted from these models is not obtained. 


Tc is therefore suggested that further attempts should be 
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made to understand other factors underlying travel demand for the journey- 
to-work in Edmonton, in other directions which have not been accomplished 


in this study. 
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CHAPTER I 


INTRODUCTION 


1.1 URBAN TRANSPORTATION 

The city is characterized by specialized Berione: centralized 
services as well as commercial, industrial and other related activities 
which are performed by a dense concentration of urban residents. This 
results in a heterogenous arrangement of population, economic activities 
and land use types within the city. In order to tie this entire complex 
of urban structure together as a system, an intricate network of trans- 
portation and communication linkages has developed. 

The journey to work provides the critical link between the 
distribution of urban residents and the location of the employment 
centers in the city. Since work trips are the dominant category of 
journeys made from home, they constitute the source of the most serious 
traffic conjestion problems in the city. Problems of traffic overload 
are further aggravated by the fact that the journey to work is concentrat— 
ed in time, occuring in the morning and afternoon peak hours of work 
days. 

The provision of efficient transportation facilities, especially 
for the journey to work, is therefore one of the greatest problems now 
facing urban centers. The increased level of urbanization in the modern 
metropolis with the associated urban sprawl make it increasingly difficult 
for intra-urban transportation to provide the critical link between places 
of residence and the worksites. As the problems associated with the 
separation of work-residence location become more pressing and their 
solution more urgent, there arises an urgent need to determine the 


factors that underly the journey to work patterns to major employment 
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centers in the city. 

An important factor that is significantly related to journey 
to work patterns is the spatial distribution of places of residence and 
places of employment in an urban area. Most researchers have found that 
distance and other measures of spatial separation such as travel time 
or cost are closely associated with work tripmaking, Work trip lengths 
are primarily related to the size and physical structure of the city, 
characteristics of the transportation network, and various social and 
economic factors. 

There are, however other factors that may greatly modify the 
influence of these major factors on work tripmaking pattern. These 
include people's preferences and the fact that the modern metropolis 
allows the worker to change his employment without necessarily changing 
his residence. Also the widespread use of the automobile gives the 
worker the freedom to choose where he wants to live without regard to 
his place of work. 

The journey to work is only one aspect of transportation and 
other movements that take place in urban areas. Intra-urban interaction 
in the form of spatial agglomeration of industries, institutional and 
manufacturing linkages as well as variations in the housing and employ- 
ment opportunities in the city are some factors that may affect the 
residence-worksite location in various ways. 

The journey to work is therefore not only a function of the 
spatial distribution of land uses in the city, but physical, social, 
economic, psychological and other related factors may complicate the 
pattern of work trips considerably. Despite these overwhelming complex- 


ities underlying people's adaptation to city space and the resulting 
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pattern of the journey to work, there is still the need to identify any 
regularities that may exist between residential location and work trip 


catchment areas of major employment centers in the city. 


P.2 OBJECTIVES OF VWOHE STUDY 
The objective of this study is to investigate the relationship 
between residential location and place of work in Edmonton with an aim 


toward assessing the following points. 


se The spatial pattern of work trip distribution to major employment 
centers and their respective work trip catchment areas and work 
trip lengths. 

Ba The major factors affecting the work trip distribution pattern in 


the city. 


1.3 ORGANIZATION OF THE STUDY 

Chapter II discusses the spatial interaction models of travel 
demand related to trip distribution, especially for the journey to work, 
and the associated literature. It also presents a brief description of 
the Multiple Linear Regression model and variables which are commonly 
used in the analysis. 

Chapter III presents a brief description of the major charact- 
eristics of the transportation system in Edmonton. It discusses the 
previous transportation studies in Edmonton which are related to work 
tripmaking and attempts to indicate the relevance of this study. 

Chapter IV indicates the sources of data used in this study. 


It presents a brief description of the variables as given and the major 
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modifications of them adopted in the study. It also identifies the major 
employment centers in the city for which the analysis is undertaken. 
Chapter V identifies the pattern of work trip attraction, work 
trip catchment areas and work trip lengths of the major employment centers. 
Chapter VI presents the results of the analysis and the variables 
‘which contribute significantly to the explanation of the pattern of work 
trips. 
Chapter VII discusses the results obtained from the analysis 
and the reliability of the models. 
Chapter VIII presents a discussion of the findings, and draws 
conclusions from them. In addition, recommendations for future research 


are made. 
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CHAPTER IL 


TRAVEL DEMAND MODELS AND VARIABLES 


2.1 GENERAL REVIEW 

The wide variety of models and variables that one encounters 
in the field of travel demand estimation results in part from the scarcity 
and heterogeneity of data. Many studies of travel demand involve the 
formulation of the transportation demand function according to a priori 
economic theory and others depend on the careful stratification of the 
population and subsequent extrapolation of the travel properties observed 
within the stratified samples. Consequently a large degree of standard- 
ization has not been achieved. 

Travel demand models are used to describe the functional 
relationships between tripmaking on the one hand and socio-economic and 
transport system characteristics on the other. A general demand function 
expresses the relationship between the quantity of a service or good 
consumed or purchased and the ee of that good or service. The commodity 
demanded in travel demand models is the trip and in this particular study 
it is the work trip. The price that is paid in order to satisfy this 
demand includes the travel time, travel cost and inconvenience associated 
with the trip. The need for intra-urban transportation arises from the 
spatial distribution of different uses of land in an urban area, although 
the location of transportation facilities, in turn, affects the spatial 
pattern be disci hur ten of these uses of land. 

In examining the functional relationships between tripmaking 
and socio-economic and transport system characteristics, important factors 
to be taken into consideration include the scale and relative intensity 


of trip generation and attraction, intervening opportunities and measures 
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of accessibility. Travel demand models are developed using appropriate 
explanatory variables reflecting these and other factors which influence 
urban travel behaviour. Depending on the type of study being made, a 
consistent approach used in the choice of variables is to ensure that 

the variables chosen (1) take planning policies into account, (2) are 
plausible with regard to the travel behaviour of urban tripmakers and 

(3) are relatively stable and predictable. Since the aspect of travel 
demand being considered in this study is related to the factors that 
influence work trip distribution to major employment centers in the city, 
the variables chosen for this study reflect this. 

A large variety of mathematical forms have been used to develop 
direct passenger travel demand relations. The simplest form is that in 
which tripmaking is regarded as a simple linear function of price, travel 
time and other factors related to tripmaking. Other mathematical forms 
with different implications include the semi-logarithmic form in which 
the log of the quantity demanded is expressed as a linear function of 
price and travel time, and the hyperbolic or log/log form which describes 
the logarithm of the quantity demanded as a linear function of the log- 
arithm of travel price, travel cost and other factors related to work 
tripmaking. Quandt and Baumol (1966) have indicated the close relation- 
ship between the log linear form of travel demand model and the tradi- 
tional gravity models. Both linear and logarithmic forms are used in 


this analysis. 


2.2 STAGES OF TRAVEL DEMAND ANALYSIS 


From the relevant available transportation planning literature, 
there has evolved a relatively standard format for transportation plan- 


ning based on the hypothesis that there is a stable relationship between 
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transportation and the urban activity system. This format is called the 
"Urban Transportation Planning (UTP) Package" and it generally comprises 
four models, namely, trip generation, trip distribution, modal split, 
and trip assignment, and these are subsequently discussed. Researchers, 
however, do not agree on the precise sequence of the four models. For 
example, Martin, Memmott and Bone (1961) suggest that modal split should 
come after the trip generation phase, before distribution, while Davis 
(1969) insists that modal split should follow the trip distribution phase. 
This dichotomy arises because of the existence in urban areas of two 
essentially separate submarkets for public transport patronage and it 
also depends on the stage in the UTP package at which modal split is 
considered. Modal split models developed before the trip distribution 
phase are called "trip-end" modal split models while modal split models 
that follow the trip distribution phase are called "trip-interchange" 
modal split models. 

Trip generation analysis is concerned with relating the inten- 
sity of trip productions by household or residential zone to trip attrac- 
tions to non-home based activities such as employment, retail facilities 
and industry. 

Trip end modal split models allow the trip ends estimated in 
the trip generation phase to be partitioned into two major groups, namely, 
captive tripmakers who have no access to a car for a trip and choice 
tripmakers who have a choice between using a car and using public transit 
for a particular trip. They are based on the assumption that transit 
patronage is relatively insensitive to the service characteristics of 
the transport modes. The modal patronages are primarily associated with 


the socio-economic characteristics of the tripmaker and the emphasis is 
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on identifying the transit captives. The modal split model developed by 
the South East Wisconsin Transportation Study (1966) is an example of the 
trip end modal split model. 

Trip-interchange modal split analysis simulates the manner in 
which choice tripmakers travelling between an origin and destination 
pair choose between the use of a car and the use of public transport for 
the trip. It considers the relative service characteristics of competing 
modes as well as measures of the socio-economic characteristics of the 
tripmakers. The modal split models developed and used in two major 
transport studies in Toronto by Hill and Von Cube (1963) and by the 
Traffic Research Corporation of Toronto (1967) as well as the Bureau of 
Public Works model using data on work trips in Washington D.C. (1965) 
are examples of this type of model. The underlying structures of these 
two types of modal split model exhibit considerable similarity, but on 
close examination it is seen that the models do not distinguish clearly 
between captive and choice riders of public transit. 

The purpose of trip distribution analysis is to synthesize the 
trip linkages or interchanges for both transit captive and non-captive 
tripmakers between traffic zones. Trip assignment analysis enables the 
car and transit trips between origin and destination pair to be distribut- 
ed over the links of their respective networks. The major concern here 
is with methods of assigning traffic to various routes. 

Although comprehensive transportation study models involving 
the four sub-models are being continually improved, the major drawback 
of the use of the UIP package is its assumption that the stages of the 
various sub-models are sequential. This assumption imples that the 


tripmaker's decision about whether to take a trip, where to take it to, 
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and by what mode and route to take the trip are separate unrelated 
decisions faced by tripmakers rather than simultaneous inter-related 
decisions. Also, these demand models, as they are expressed in the UTP 
package, hold the amount of tripmaking constant and vary only the split 
among attraction zones, modes, and routes. 

This research is primarily concerned with the pattern of the 
distribution of work trips to major employment centers in the city and 


goes on to discuss the various associated travel demand models. 


2.3 GENERATION AND DISTRIBUTION MODELS 

Multivariate regression models have been widely used for the 
study of trip generation and distribution aspects of travel demand. The 
demand equations can be considered to be linear, hyperbolic, or exponen- 


tial but each has the following general form: 


A= bS a by x + box, + ---- bx +e 
where: 
A = Work trips produced in trip generation analysis 
(or its logarithm) 
or 


A = Demand for transportation between zones i and j in 


trip distribution analysis (or its logarithm) 


Xi> Xx, -—--- Xx = Measures of independent variables 
(or their logarithms) 

bo = Constant term 

by; b, ---- bo = Coefficients of multiple regression 

e = Error term 


For these models, the usual assumptions of linear regression - linearity, 
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independence of observations, normality, and homoscedasticity, apply. - 

Unfortunately, the predictive abilities of such regression 
models are generally poor, largely because data restrictions have pre- 
vented more than cross-sectional glimpses at the regression parameters, 
but, they are useful for identifying useful associations. Also, the 
use of regression equations based on zonally aggregated measures of the 
zonal characteristics tend to submerge important characteristics of 
travel demand. The major advantage of multivarite regression models is 
that they enable a large number of variables that are related to travel 
demand to be considered together. Multiple Linear regression is con- 
Sidered adequate for this analysis and a more detailed discussion of it 
is presented below. 

Category analysis, an alternative method of trip generation 
analysis, helps to reduce the problems caused by zonal aggregation since 
it estimates the trip production characteristics of separate categories 
according to a set of properties that characterize the households. 
Wooton and Pick (1967) apply this model to trips generated by households 
in Metropolitan Toronto. It is not appropriate for this analysis which 
is not primarily concerned with trip generation. 

Trip distribution models, in synthesizing the trip linkages 
between traffic analysis zones, ensure that any trip distribution matrices 
arrived at satisfy the production and attraction trip-end constraint 
equations. The Fratar growth-factor method (1954) estimates the trip 
interchange matrix by assuming that a future horizon-year matrix is pro- 
portional to the base year matrix modified by the trip end growth patterns 
of zones under consideration. The major deficiency of the technique is 


that the trip matrices estimated from it are insensitive to changes in 
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the properties of the transportation networks. It is used mainly for 
forecasting. 

Three stochastic trip distribution models are used to estimate 
trip distribution patterns by synthesizing a matrix containing the pro- 
babilities that a trip produced in a given origin zone will find an 
attractive opportunity in a specific destination zone. These probabilities 
are derived from a knowledge of the distribution of attraction opportunities 
in an urban area and the travel time properties of the area. Each of 
these stochastic models namely, the gravity model, the intervening oppor- 
tunities model, calculate these probabilities in a different way. 

(a) The Gravity Model 

The gravity model is a derived expression used in traffic 
generation and distribution studies. The model arises from the concept 
of demographic gravity'and in its purest form is analogous to the 
Newtonian law of gravity. The basic premise of the gravity model as 
used in urban transport studies is that the trip interchange magnitude 
between two zones i and j is directly proportional to the number of 
trips produced in zone i, the number of trips attracted to zone j, and 
inversely proportional to some function of the spatial separation between 


the two zones. This premise is expressed algebraically as follows: 


Pare. 
Ieinecde ida yj 
1J 
b 
ij 
where: 
T., = Demand for transportation between zones i and j 
1J 
(force of demographic gravity) 
0.,D. = Population (masses) of i and j 
i 
d = Distance or appropriate measure of spatial separation 
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between zones i and jj. 


o 
I 


Distance-decay exponent (2 in Newtonian Physics) 


a 
It 


Gravitational constant. 


In the general gravity model, the demand function is such that the log 
of demand is linear in the log of the socio-economic, geographic, and 
demographic variables of the origin and destination pairs. In the grav- 
ity model, the relative attractiveness of a zone is derived as the product 
of the number of opportunities in a zone and the travel time factor of 
that zone divided by the sum of this product for all the zones of poten- 
tial attraction. The critical element of this procedure is the identifi- 
cation of the travel time factor function which reproduces the observed 
trip length frequency distribution. Area wide travei-time factor 
functions are normally used, but improved interchanges can be obtained 
if the gravity model is used in conjunction with trip ends which have 
been disaggregated into a number of socio-economic groups. 

Several attempts have been made to provide theoretical justi- 
fication for the gravity model. Niedercorn and Bechdolt (1969) 
demonstrate that the gravity model may be logically derived from the 
economic principle of utility maximization. 

Wilson's (1969) derivation of the gravity model using the 
entropy maximization technique yields a gravity model with a negative 
exponential travel time factor. It also makes use of balancing factors 
to ensure that trip end constraints are satisfied. Wilson (1971) 
shows that the gravity model is not a single model but that there is a 
whole family of spatial interaction models which can be derived by using 


the entropy maximization technique. He bases his derivation on the 
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principles of information theory and on the assumption that the probabil- 
ity of a distribution occurring is proportional to the number of states 
in the system which give rise to that distribution, subject to a number 
of constraints. 
(b) Intervening Opportimities Model 

The basic hypothesis of the intervening opportunities model is 
that the number of trips from an origin zone i to a destination zone 
j is directly proportional to the number of opportunities at the destin- 
ation zone j, and inversely proportional to the number of intervening 


opportunities (Stouffer, 1940). This hypothesis is expressed as follows: 


a. 
T,=k—4 
ij Vv. 
a) 
where: 
ae = Demand for transportation between zones i and j 
a; = Total number of destination opportunities in zone j 
v. = The number of intervening destination opportunities 
J 
between zones i and j 
k = A proportionality constant to ensure that all trips 


with origins at zone i are distributed to destination 
opportunities. 
The intervening opportunities model calculates the relative 

attraction of a zone from the product of the cumulative probability of 
a trip which has not found a satisfactory destination after a set of 
distribution opportunities has already been considered, and a conditional 
probability that a satisfactory destination opportunity will be found in 
the set of opportunities within the zone being considered. 


Schneider (1960) suggests a modification of the original model 
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in which the conditional probability is constant. Golding and Davidson's 
(1970) formulation assumes that the conditional probability decreases as 
additional trip ends are considered. Ruiter (1967) uses this model in a 
study of journeys to home from the central zone of Chicago. Swerdloff 
and Stowers (1966) use it in the study of distribution of residential 
locations of Central Business District employees in Greensboro, North 
Carolina. Pyers (1965) notes the problems connected with attempts to 
calibrate the model, using 1948 travel data for Washington, D.C. Whereas 
the model gives good agreement between the observed and the simulated 
average trip lengths, it performs very poorly when used to estimate trip 
lengths. 
(c) Competing Opportunities Model 

Tomazinis (1962) has proposed the competing opportunities 
model in which attraction trip-end probabilities are calculated as the 
product of the probability of attraction and the probability of satis- 


faction. The model is of this general form: 


$8 


., = 2. Cpra,) (prs.) 
4 at tanto ee 


where: 


rH 
i 


Demand for transportation between zones i and j 
pra.= Probability of attraction to zone j 
prs.= Probability of trip-end allocation satisfaction in 


zone j 


rg 
iH} 


: Probability of trip ending in zone i 
i 

The probability of attraction to a given zone is equal to the total 
number of attraction opportunities in a zone divided by the number of 


attraction opportunities in time bands up to the time band in which the 


zone is located. The probability of satisfaction is equal to one minus 
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the total number of attraction opportunities already considered divided 
by the total number of attraction opportunities in the study area. A 
generally satisfactory method of calibrating the competing opportunities 
model has not been developed. 

Heune.and Pyers (1961) have examined the three stochastic trip 
distribution models by comparing the observed and the estimated trip 
length frequency distribution from the calibration of each model. The 
results of this study indicate that the gravity model is the most reli- 
able and is the simplest of all three to use and to calibrate. For 
certain types of special trip distribution problems, however, the other 
techniques might be more satisfactory. Although there is not yet any 
theoretically justifiable explanation for the wide variation in the 
values of k and b in empirical work, the gravity model still com- 
mands a significant spot in transportation demand studies. It is used 
in a midge form in this analysis by employing the measures of trip 
production and attraction as well as measures of spatial separation 
and other variables related to work tripmaking behaviour. 

(d) Linear Programming Approach to Trip Distribution 

The Transportation Problem of linear programming has also been 
used in trip distribution analysis. The objective function is to minimize 
the total amount of time spent by tripmakers in moving between origins 
and destinations. The objective function is as follows: 


Minimize Z = BE Pest 


ie 0 Oy as ag 
where: 
thy = Demand for transportation between zones i and j 
d.. = Distance between zones i and j 
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Evans (1970) illustrates how this problem can be solved by 
using the classical Transportation Problem of operations research. 
Evans (1973) also discusses the relationship between the gravity model 
of trip distribution with exponential cost function and the transporta- 
tion problem in linear programming. She shows that in the solution of 
the gravity model, as the exponential cost function or the parameter 
a (alpha) tends to infinity the solution tends to a limit, which is the 
cost minimization solution of the linear Nee nine transportation 
problem. 

Although the validity of the linear programming approach 
rests on the assumption that urban tripmakers select origin destination 
pairs so as to minimize the total amount of time spent in the system, 
empirical evidence suggests that they do not behave collectively in this 
way. However, the linear programming technique performs better when it 
is used for analysing trip ends which have been stratified according to 
socio-economic groups. The work trips used in this study are not strat- 
ified according to socio-economic groups and the linear programming 


approach is not used. 


2.4 WORK TRIP DISTRIBUTION MODELS 


Work trips have received special consideration in the litera- 
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ture because they are the most important category of journeys made from 
home and because work trips tend to be distributed unevenly through the 
day, being concentrated into a few peak hours. 

(a) Accessibility and Urban Residential Location Models 

Many residential location models, based on the simple notion 
of accessibility, tend to explain housing consumer behaviour largely in 
terms of minimizing the journey to work. In these models, the major 
factors that determine locational decision and quantity of residential 
Space consumed are household incomes, preferences for residential space 
and unit price of residential space. 

Alonso's (1960) theory of land rent has an accessibility bias 
and he emphasizes that households trade off accessibility for cheaper 
land. Herbert and Stevens (1960) have designed a linear programming 
model for allocating households to residential land in an optimal con- 
figuration with special reference to the Penn-Jersey Transportation 
Study. Kain (1961) indicates that households modify their desire for 
proximity to work place and their desire for low density housing by 
expanding their journey to work. Wingo's (1964) residential location 
model notes that locational equilibrium is achieved through the process 
of substituting transportation costs for space costs by the households 
in the urban area. He argues that this enables a balance to be achieved 
between the spatial pattern of employment centers and the various resi- 
dential densities in the city. Lowry (1965) has formulated a model of 
the metropolis which emphasizes the control of major employment centers 
or activity nodes upon the spatial pattern of residential densities. 

Stegman (1969) questions the pre-eminence of accessibility in 
the residential location process. He argues that residential location 


models with an accessibility bias tend to confuse the behaviour of the 
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urban land market with that of the urban land consumers while they are 
quite distinct. Using empirical evidence, he shows that neighbourhood 
considerations are more important to residential location than access- 
ibility to place of work. In fact, it can be shown that large numbers 
of suburban families do not have to trade off accessibility for savings 
in location rent since they can have both. In this analysis, adequate 
measures of accessibility are employed. 
(b) Socio-Economic Factors Affecting Work Trip Distribution 

Liepmann (1944), Thompson (1950) and Westergaard (1957) studied 
the social and economic costs of work journeys and pointed to the need 
to minimize the residence - worksite separation. Schnore (1954) has 
emphasized that the costs incurred in the journey to work are major 
determinants of residential location and consequently most workers attempt 
to minimize the length of the journey to work. Vance (1960) has formulat- 
ed a theory of urban spatial structure in terms of the journey to work. 
He postulates that changes in transportation technology affect the pattern 
of work trip distribution. Wolforth (1965) put forth a simple framework 
or categorization of the distributions of homes and work places in an 
urban area. Studies by Niedercorn and Kain (1962) and Hurst (1969a) 
indicate that sociological as well as economic factors enter into the 
work journey decisions. Voorhees, Bellamo, Schofer, and Cleveland (1968), 
using travel data from a number of cities in Canada (including Edmonton) 
and U.S.A. have revealed that urban travel as measured by the length of 
the work trips (measured in miles or minutes) is primarily related to 
the size, physical structure of the city, characteristics of the trans- 
portation network, and various social and economic factors. However, 


there is some indication that this is in fact an oversimplification and 
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the work of Lansing and Mueller (1964) note in particular that behavioural 
aspects may have some greater influence on residential site decision 
making than would seem apparent. Variables related to behavioural aspects 
of work tripmaking are unavailable but other socio-economic variables 
affecting work tripmaking are used in this study. 

(c) Spatial Pattern of Work Trip Distribution 

Some of the major approaches used in the social sciences in 
analysing the complex relationship between the journey to work and the 
spatial structure of the city include the use of demographic and ecological 
notions. The journey to work as a demographic problem is concerned with 
identifying the labor catchment areas of particular work places or groups 
of work places. Vance (1960) presents a theoretical model of labor 
catchment areas in the city. As a problem in human ecology the notion 
of subclusters within the larger whole is used to reflect the different 
patterns of residential densities associated with the Central Business 
District and other major employment areas in the city. Carroll (1952) 
has observed that the residential distribution of the former approximates 
that of the population of the entire urban area while the non-central 
work places draw their employees from their immediate vicinity. Hurst 
(1970) has substantiated this pattern in a modest way for the small 
urban area of Perth, Australia. The works of Schnore (1954) and Duncan 
(1956) are other studies in which the journey to work is treated within 
an ecological framework. 

It is therefore recognized that the Central Business District 
and peripheral employment centers constitute separate components of the 
aggregate pattern of metropolitan traffic flow. This fact is taken 
into consideration in delineating the major employment centers in the 


city. The multiple linear regression model used in the analysis is 
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discussed in greater detail below. 


2.5 MULTIPLE LINEAR REGRESSION ANALYSIS 

Multiple linear regression models have been widely used in 
geographic research for deriving inductive generalizations about the 
covariation of spatially distributed phenomena. The multiple regression 
method and its application to research by geographers is discussed by 
McCarthy et al. (1956), Taaffe (1959), Thomas (1960a), Robinson et al. 
(1961), Russwurm (1964), Cox (1968), Kariel (1963), Chorely and Hagget 
(1967) and King (1969). Advanced and rigorous description of the mathe- 
matics underlying the multiple regression model as well as the general 
heuristic mathematical approach to the method are discussed in many 
standard statistics texts such as Anderson (1958), Hoel (1969), Blalock 
(1960), Draper and Smith (1966). The SPSS manual (1975) provides a 
general discussion on regression analysis. The formulation of computer- 
derived solutions in terms of matrices are found in such texts as 
Ezekiel and Fox (1959), Johnson and Leone (1964), Rao (1973), and 
Yamene (1973). 

Multiple linear regression is a general statistical technique 
which obtains the "best fitting" linear relationship between a dependent 
variable and a set of independent variabies, and evaluates the contribu- 
tion of each independent variable to this linear relationship while 
controlling for the effect of the other independent variables. In the 
standard multiple regression equation, the best fit is obtained by using 
the method of least-squares to minimize the squared deviations from the 
regression equation. Although the technique may be used for predictive 
or explanatory purposes, in the context of this analysis it is used as 


a tool for the evaluation of covariation in home-based work trips in 


i fl re brs 
a fh viet ue i 
F Aa he! \ Tish 
Play | eee rar ee 
' : ae | . oad . . iz 
ihe 6 v ed Ens wae a. sodiorg uh & 
A iy ; ‘ _ 
haul : : ‘wb, © L | 
. % a fj . ~~ } 
Te hal it dai peotas 2),4 Aauts 
I a 
4 d } 
. rl es eh, vista ‘ sata: 
: | si, aletog nekeaénget angret: an 
4 Wi. ell, 4.4 7 . ‘ : » 7 
4 4 asa ou Roeser wii SiGe toe R oe nie 
: eg 8 ' ian? 
note Besudisseis vatalieqe A sill ret 
t ae é 7 aie . He i ; eevee, 
| = en} .. 
wa! keer ores ed nee op eae + beh ohn 
, 4 4 ‘3 ¢ 
yt 4 
? 7 : me A ee CUCES YI ’ ng 
Actry 4 ont) .,(PSR2) High yitcesy aee bh haa P 
s } 7 7 \ os ae 
4 ‘ wy d “¥ ' yD 
} Deon CR A20 yee? . PROP LY ee gee eh ORS; 
“ Ltr Se OES ’ ia aa var it ies 
ro ~ : mire ez 
eo ee Yo A “ot Netty. ayy Oat y , fered fs NN Ay , ia es} ei" ~ diel 
5 ‘iG vey, mo) 
tag ee E ) A satiny 2 
ee J uy Lobiem. eoksvsnged) ailqtetan way 2 gate ’ 2 
eo oe i4 Gi = baw. sO OY wh Get ” { a 
uy yf x ¥ — atl Oc bad= var: tah? aj P| moines | 34 gyuste rt $ dar i 
ie. Fh ri Learis) Ga Tee & eilges | vOLe “ Sith , wen 


‘noes > Kwon! Mg4eM diss Yack aide Ast it’ gated ve _ 
; ff 
; i a 
‘webivesq (2001): avatar wea a) fee) bn beg? b ¥ nent i 
; Mt etre ‘ “a | ont riot to v 
" alle 22 wy Kae: free wig um a a, ; 


“took as 


“a0 Gee >” 9 dohatidumy 


7 id veh ey er wh i 
Ane” fi pany + Bie mand deen a ney rm sal suf 7 bi ie 


“ag ’ ; ‘e3 


ie 
ie Deets Ove ae ee Mey “egioin janie «a fk at) aca cai te 
5 : ce r om | oi ig " - * eg Vy hed ~ ee val re 
ae, PI a « - - 7 7 4 | ; a 


onptanons sonnet serh, evonsip ‘ aaerniel ‘way? 9 5 lag ait ai 
Bas hk ae 
i all uh reaguriecd nbn fy? piece OLS ? pel) alan abt sweet" og —— . tw 


7 ' 


La" 
= 
b 


; has aioe: a sbi baa to deme ‘Sine ‘pa ; 


a 7 
sedate a ise8 iw °c 7s 
wy. ry if f if 4 by rr mole 
| - sinh aa tales ts 5 vst atid a gi add ie 9 wa a Ae iil | 

' 0" 


ae baad al j «wink fad si Teannegpbri veda’ ener a oti, AR: ont 


: os wren , scat 


iad hie! 
an seit ois 18 eich ar 
re Ae AA Wee a ae ; 
H obs: a / 
ate i 


yal 


Edmonton and variables considered to be associated with work trip-making 
behaviour. Consequently, the emphasis is on the individual regression 
coefficients and establishing significant relationships. 

In this study the multiple linear regression technique is 
adequate for investigating the characteristics of the relatively simple 
type of relationships expected between the dependent variable and each 
independent variable and for experimenting with any reasonable combina- 
tion of independent variables. When variables seem to be non-contributory, 
they are removed in the next regression which then uses only the significant 
variables. In this way, ideas are tested until only statistically 
Significant coefficients are obtained. Regression analysis has the 
advantage of being easily performed, especially with the use of electronic 
computers. The SPSS multiple linear regression package which is readily 
available in the Amdahl 470 computer at the University of Alberta, is 


used in this analysis. 


2.6 ASSUMPTIONS OF MULTIPLE REGRESSION ANALYSIS 
The multiple linear regression model is based on the following 
set of assumptions. 

PB, The sample is drawn at random. 

aa Each value of X, and of Y is obtained without measurement error. 

33 The overall frequency distributions of both the dependent variable 
and the independent variables are normal. 

4. The variance of the Y values about the regression line must be the 
same for all magnitudes of the independent variables. This is the 
assumption of homoscedasticity. 

ai The relationship between the dependent variable Y and the independ- 


ent variables x, is linear. 
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om The independent variables X; are linearly Lean of each other. 
The extent to which geographers and other researchers have 
shown awareness of these assumptions of the multiple linear regression 
model, and the apparent deficiencies both in the discussions and in actual 
empirical application of the model have been discussed by Colenutt (1968), 
King (1969), and Poole and O'Farrel (1971). There are few explicit 
references to the assumption that the sample is drawn at random and that 
there is no measurement error in the data because in most cases these 
are taken for granted. The assumption of normality is often difficult 
to satisfy and Gould (1970) has noted that when variables are transformed 
to achieve normality, the actual form of the relationships observed, and 
thus the model, become much more difficult to interprete. Although Berry 
and Barnum (1962) perform logarithmic transformations to achieve greater 
homoscedasticity, this assumption has not been given much attention and 
Quarmby (1967) observes that there is nothing to indicate how accurate 
or inaccurate are the obtained results when the assumption of homosced- 
asticity is pot strictly ae The assumption of linearity is recognized 
by most geographers discussing the use of the regression model, and since 
the linear form of the function may not always be the best, several forms 
of transformation have been used. Hagget (1965) suggests the use of 
polynomials when the linearity assumption cannot be satisfied even by 
transformation. The assumption of the relative independence of the 
independent variables is widely recognized too, since most researchers 
have examined their correlation matrices in order to ensure that the 
variables are independent and that there is no evidence of multi-colline- 
arity. This is because if this assumption is not met, it leads to serious 


problems such as imprecise estimation of regression coefficients, 
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possible reduction in their absolute values, and instability of the 
results obtained. Blalock (1963) notes some of the practical implica- 
tions of correlated independent variables for social research. Although 
a number of alternative techniques may be applied to specific empirical 
problems to make the regression model valid, when the fundamental 
assumptions are not satisfied, there is no accepted preferable approach. 
Since the work trips in Edmonton were systematically aggregated 
according to major destinations in the city, the samples were not drawn 
at random. Due to the way in which the data was obtained, it is very 
difficult to check for any measurement error in the data. Most of the 
variables are not normaily distributed and the assumption of homoscedasti- 
city is not tested for. The assumed linear relationship between the 
dependent variable and the independent variables is investigated. The 
assumption of the relative independence of the independent variables is 
ensured by examination of the correlation matrices and systematically 
removing correlated independent variables until the best explanatory 
equation is obtained. Therefore, despite the invalidity of the data on 
some of these assumptions, regression analysis is employed. The vari- 


abiles used in the analysis are described in the following section. 


2.7 VARIABLES USED IN THE ANALYSIS 
(a) Dependent Variable 

bp: Total Trips he ~ The number of trips which is used 
as a measure of travel demand is treated as the dependent variable. It 
is an interaction term which measures the number of work trips from an 


origin zone to a destiration zone. 
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(b) Independent Variables 

Le The number of trips originating in a zone (0,): — 

This is a measure of a zone as a work trip producer since it shows the 
number of workers resident in zone i. It is expected to be positively 
related to total flow or interaction between pairs of zones (T. ) since 
the more work trips a zone produces, the more trips it can afford to 
send to major employment centers. Wilson (1971) uses this variable as 
a mass term associated with zone i in his spatial interaction model and 
in our model of the journey to work it is used in the same way as an 
explanatory variable. 

es The number of trips attracted to a zone (D5): - 

This is a measure of a zone as a work trip attractor since it shows the 
total number of work trip opportunities or jobs available in a zone. 

It is also expected to be positively related to total flow or inter- 
action (T, 5) since the more jobs there are in a zone the greater is the 
number of workers attracted to that zone. Wilson (1971) also uses this 
variable as a mass term associated with zone j in his spatial interaction 
models and in our model of the journey to work, it is used in the same 
way as explanatory variable. 

These two variables, the number of trips originating in a 
zone (0,) and the number of trips attracted to a zone D5, are trip 
ends and are therefore major explanatory variables in trip distribution 
models. The total of each of them is expected to be equal to the total 
volume of work trips on all links within the region since | a3 = 0. and 
rIT.. = D.. It is expected however, that the importance of these two 


i 13 j 


distributional variables may be modified by other important variables 


related to tripmaking. 
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oa Automobile Ownership (AUTO): This is a commonly used 
variable in travel demand models and it is expected to vary directly 
with travel demand. Its use is usually justified on the grounds that 
it is regarded as a proxy for the income variable. Lave (1968) notes 
that although automobile ownership is believed to have a high correla- 
tion with income, this relationship is not stable. Also, it has been 
argued that peoples perception of automobile costs indicate that they 
are not purchased for commuting reasons only but also for their social 
utility. It has therefore been suggested that the effect of automobile 
ownership should be measured with great care so that it does not con- 
stitute a major source of bias. In our models, the car ownership 
variable used is the ratio of cars per person for each zone. 

ibe. Parking Cost at Destination (PCOST): - It seems likely 
that the relative cost of ait deceive transportation modes will influence 
the commuter's modal choice decision and that other things being equal, 
the cheaper mode should be preferred. However, parking cost at destina- 
tion may be expected to limit the number of work trips that can be 
made by car even if a car is available and the income is favourable and 
the higher the parking cost the fewer the number of work trips by 
automobile to that destination. In Edmonton, the highest parking costs 
are found in the Central Business District and in the University of 
Alberta. 

Parking cost at destination is the only cost data for auto- 
mobile available and although it may increase the cost of travelling 
by automobile considerably, no measure of the relative cost of travelling 
by automobile and by transit is used in this study. A public transit 


fare is paid directly in cash and is cbviously associated with a par- 
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ticular journey. In Edmonton in 1971, it cost 25 cents to travel by 
transie to“anypart of the city, including transfers... There fs “‘al’so 

a system of bus pass of $10.00 per month which is cheaper for regular 
bus users. Therefore, whereas the low cost of public transportation 

is uniform all over the city, automobile cost is a function of distance 
and we examine the importance of this variable. 

Ne Distance (DIST): - Distance is an important measure of 
spatial separation used in travel demand models. It is expected to be 
inversely related to travel demand. Warner (1962) uses the distance 
variable but Lave (1968) does not see any reason why the distance 
variable should be used separately, since most of its side effects have 
been incorporated through the time and cost variables, and he used a 
form of the comfort variable in which distance is entered muitiplicatively. 

Also, since time is a function of distance, it has been argued 
that the use of both distance and time as independent variables in the 
same regression is a potential source of multi-collinearity. In our 
models, both variabies are used in the regressions but only one of them 
is used in any one run in order to control for collinearity between 
these measures of spatial separation. 

6. Weighted Travel Time (W TTIME): - Travel time is a function 
of distance and is a measure of spatial separation between zones. It is 
an important measure of transport system characteristics by different 
modes. Like distance, it is generally considered to be inversely reiated 
to tripmaking and is used in most studies of travel demand. Warner 
(1962), Lisco (1967) and Quarmby (1967), use travel time in their studies 
of travel demand and Beesely (1965) and Oort (1969) discuss the value of 


travel time to commuters. 
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Although the major components of the time spent in travelling 
consists of the in-vehicle travel time and the excess travel time, a 
is more appropriate to use the door-to-door travel time since most 
people view a journey primarily in this way. The door-to-door travel 
time by automobile and by transit are used in obtaining the weighted 
travel time. 

Hie Accessibility Indices: - Accessibility of a zone to the 
transit system is important in trip distribution. It affects the number 
of work trips by transit which a zone can send to major employment 
centers. A number of variables, namely, choice modal split (CHOICE 
MSPLIT), total modal split (TOTAL MSPLIT) and automobile captive modal 
split (AUTOCAP MSPLIT) are used to assess the accessibility character- 
istics of the zones. 

8. Residential Density: - The residential density character- 
istics of the zones affect the work trip generating capacities of the 
zones. The proportion of residential land in each zone with low density, 
medium density and high density housing-LOW RES, MED RES and HiGH RES 
respectively is expected to be significantly related to the number of 
work trips originating in each zone and possibly the destinations of 
the destinations of these trips. 

The exact definition and the sources of these variables are 
discussed in Chapter IV. Before this, a general description of 


transportation in Edmonton is presented in Chapter III. 
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CHAPTER IIL 


THE EDMONTON INFRASTRUCTURE AND PREVIOUS STUDIES 


3.1 GENERAL DESCRIPTION 

Edmonton, located on the Western Canadian prairies, is the 
capital of the Province of Alberta. It has undergone rapid growth since 
World War II and its population of 438,425 persons in 1971, ciddicaces an 
increase of over 30 percent since 1961 (Statistics Canada). Due to its 
substantial increase in population the city has expanded in size to 
cover an area of 121 square miles (309.76 square kilometers). 

Like many other prairie cities, the original street pattern 
is a rectangular grid and this is found mainly in the central area and 
in the older residential districts. Recent outlying residential districts, 
designed as neighbourhood units, exhibit a more curvelinear street pattern. 
Superimposed on all these are some major arterial highways that cut across 
the city. 

The city is bisected by the North Saskatchewan River consequently, 
the flow of traffic between the north and south sides of the city is 
constricted and channelized only at several points made possible by the 
nine bridges of varying sizes and capacities linking the north and south 
sides of Edmonton. Therefore the physical structure of the city and its 
road pattern strongly influence traffic and transit circulation within 
the city. 

In 1971, 151,125 persons or 35 percent of the total population 
of Edmonton were employed. Table 1 shows that although the absolute 
number of people employed in the Central Business District increased 


between 196] and 1971 the percentage of the city's population employed 
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TABLE 1 : 


EMPLOYMENT AND MODAL SPLIT FOR WORK TRIPS 
CENTRAL BUSINESS DISTRICT 


TO THE 


CIVIC CENSUS RESULTS FOR THE CITY 


YEAR 


POPULATION 


TOTAL EMPLOYMENT 


% EMPLOYMENT OF POPULATION 


CENTRAL BUSINESS DISTRICT EMPLOYMENT 


CeB.D. TOTAL EMPLOYMENT 


% of €.B.D. EMPLOYMENT OF 
TOTAL EMPLOYMENT IN THE 
CTRY 


EMPLOYEES BY CAR 


EMPLOYEES BY BUS 


PEAK HOUR TRAVEL (7:30-8:30 am) 


C.B.D. 


BY 


BY 


Source: 


TOTAL 
CAR 


BUS 


Bakker J. 


Ontario, 


1961-1971 

1961 1964 
300,000 343,465 
93,500 108,000 

31% 31% 
21,200 21,600 
23% 20% 
Liszoo 12,000 
(553) (563) 
Tp 2d 8,700 
(348%) (40%) 
= 11,000 
= 6,480 
- 3,869 
(353%) 


J., and Cllement TO 7, 


Canada. 


UW DGy 
398205 
125,000 


32% 


22,000 
183% 
12,100 


(55%) 


8,400 
(38%) 


12%, 2010 
7,300 


4,170 
(34%) 


£8) 


Oa: 
435,293 
DS 3S) 


35% 


26,100 
17% 
13,000 


(503%) 


11,409 
(443%) 


15,200 


Transit Trends in Edmonton. 
Paper prepared for the Annual Meeting of the Roads and 
Transport Association of Canada, September 1974, Toronto, 
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in this area decreased over the same period. The decrease in the per- 
centage of work trips to this central area may be attributed to changes 
that have taken place in Edmonton in recent years some of which Plunkett 
(1972) has described. These changes include the decentralization of 

the Central Business District functions and the dispersed location of 
regional shopping centers, leaving the district with only specialized 
functions and office employment. The transportation system character- 
istics and the spatial distribution of workers and other job opportunities 


in the city are examined in greater detail below. 


3.2 TRANSPORTATION SYSTEM CHARACTERISTICS 
(a) Transit Ridership in Edmonton 

Since the end of World War II, the transit system had been 
faced with the problem of expanding its facilities in order to accommo- 
date the rapidly growing population of the city. Under these circum- 
stances, it was fairly profitable and sound up to 1954, when the revenue 
was 104.9 percent of the cost. 

After 1954, however, in spite of a generally expanded bus 
system and an increased number of bus miles covered, the percentage of 
the cost obtained from the revenue declined steadily (Table 2). This 
may partially be due to the fact that the benefits of extending bus 
services take a long time to be fully realized. Another major factor 
could be an increased consideration of transit as a public service which 
is not expected to meet all its costs from the fare box. Therefore, 
despite the decreasing ability of the system to pay for itself, it was 
being constantly improved. 


Although transit vehicles presently operate on a route 
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TABLE 2: TRANSIT OPERATING STATISTICS FOR EDMONTON 
(1951-1974) 
TOTAL TOTAL % OF 
BUS MILES COSTS REVENUE COST FROM 
YEAR COVERED (IN $'s) (IN $'s) REVENUE 
1951 4,700,000 2,700,000 2,700,000 100 
1952 5,140,222 3,067,123 2,922,037 95.3 
1953 5,105,903 3,053,060 3,193,466 104.6 
1954 5,140,955 3,122,167 3,276,815 104.9 
1955 528 559 352305701 3,188,859 98.7 
1956 5,486,816 3,364,838 3,185,756 94.7 
1957 5,616,641 3,483,196 3,254,977 93.4 
1958 5,757,133 3,694,241 3,657,077 99.5 
1959 5,757,092 3,799,974 3,700,941 97.1 
1960 5,651,432 3,720,027 3,486,970 93.7 
1961 Di gatwaet 3,905,395 3,397,038 86.9 
1962 6,180,021 4,146,348 3,825,661 92.3 
1963 6,614,350 4,377,538 3,841,089 87.7 
1964 7,121,169 4,773,495 3,984,965 83.5 
1965 7,564,279 5,378,097 4,421,908 82.2 
1966 7,700,846 5,869,470 4,777,932 81.4 
1967 7,909,740 6,639,598 5,152,879 77.6 
1968 7,941,128 7,696,921 6,873,026 89. 
1969 7,811,967 8,272,363 7,143,688 86.4 
1970 8,322,345 9,005,701 7,694,287 85.4 
1971 8,533,228 9,984,559 8,030,765 80.4 
1972 9,034,454 11,100,533 8,794,910 79.2 
1973 9,205,513 11,872,179 9,049,702 76.2 
1974 10,200,100 14,615,000 10,477,525 Fig 
SOURCE: EDMONTON TRANSIT SYSTEM, MONTHLY OPERATING STATEMENT 
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network which is superimposed on the city's grid street pattern so 

that private automobiles and transit vehicles share the same road net- 
work (Figure 1), more and more bus lanes are introduced in order to 
facilitate transit service. Conversion from the trolley fleet to motor 
buses has resulted in there being only 80 trolley buses out of the 420 
vehicle rolling stock of the Edmonton Transit System in 1975. Light 
Rapid Transit is being developed for the city with an initial portion 
of this which is now under construction expected to be completed in 
1978./ 

The Metropolitan Edmonton Transportation Study (METS) notes 
that a combination of declining ridership and increasing population 
has resulted in a substantial decline in per capita ridership between 
1946 and yoei.- Since 1964 however, absolute ridership has risen 
steadily and rides per capita have been rising since 1969 (Figure 2). 
This trend constrasts sharply with the trend observed in the U.S.A. 
by Beier (1972) where ridership on motor buses declined by 13 percent, 
and where, in fact, the number of operating bus companies declined by 
11 percent between 1960 and 1968. Table 3 shows that Edmonton has a 
fairly favourable number of rides per capita in comparison with some 
other cities in Canada and with cities of roughly the same population 


in the United States. 


ie Bakker J. J., and Palmer, M. F. "Operating Strategies for Bus 
Transit in Edmonton." Abstract of a paper presented at the Annual 
Conference for Roads and Transportation Association of Canada, at 
Calgary, September 22 ~ 25, 1975. 


mAs Metropolitan Edmonton Study Report, 1963. 
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FIG. 1 EDMONTON TRANSIT ROUTES IN 197] 
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FIG. 2. TREND OF TRANSIT RIDING IN-EDMONTON. (1951-1974 ) 
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TABLE 3: 
MAJOR CITIES OF CANADA AND U.S.A. 
CITY POPULATION OSS ENC ERS Pipente 
CARRIED IN 1974 

TORONTO (ONTARIO) 2,628,043 * 329,796,000 126- 
WINNIPEG (MANITOBA) 540,262 * 62,001,000 115 
EDMONTON (ALBERTA) 438,152 + 45,200,000 102 
MONTREAL (QUEBEC) 2,743,208 * 269,119,000 96 
CALGARY (ALBERTA) 403,319 + 33,434,000 83 
LONDON (ONTARIO) 2236222 kk 16,944,006 76 
HALIFAX (NOVA SCOTIA) 2225637 * 11,449,000 51 
MINNEAPOLTS (MINN. ) 434,400 + 56,514,000 139 
ATLANTA (GA) 497,421 + 58,600,000 118 
BUFFALO (N.¥.) 462,768 + 31,458,000 68 

451,455 + 25,459,000 56 


CINCINNATI (OHIO) 


+ CITY POPULATION 


SOURCE: MONTHLY TRANSIT TRAFFIC. 
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(b) Automobile Ownership 


Like other major cities, Edmonton has experienced an increased 
automobile ownership in recent years. The average car ownership ratio 
imo the city inel951 was 5.3 persons. pec .icar_ but in 196l it had risen to 
3.7 persons per car_and in 1971 it was 3.4 persons per car. Though the 
rate of increase had declined, it is possible that the number of cars 
in circulation in the future will continue to increase due to increasing 
income levels and the demand for better living. 

It has been observed that the higher automobile ownership has 
been accompanied by a slightly lower automobile occupancy in Edmonton, 
as the average peak hour occupancy rate for work trips was 1.21 in 1961 
and had decreased to only 1.16 in vey Therefore, if this decrease 
in the number of persons carried by an average car, is not attributed 
to increase in transit riding, the fear is that more automobiles will 
be in circulation in future to accommodate equal number of people. 

It may be felt that the cost of parking at the destination 
may prevent certain trips, especially work trips, to be made by auto- 
mobiles even if it is available. The Central Business District and the 
University of Alberta had the highest parking costs (exceeding $10.00 a 
month) in the city in 1971, but surprisingly this did not decrease the 
volume of work trips to these major destinations substantially. In 
fact, it was found that parking cost at destination is not a strong 


detterent to work tripmaking to major employment centers in the city. 


2 Clement T. 0., "Some Preliminary Observations on Peak Hour Choice 
Modal Split in Edmonton (1971)." 
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(c) Travel Peaks in Edmonton 

One of the major characteristics of urban transportation is 
that it moves in two sharp peaks, one in the morning and the other in 
late afternoon on work days, during which the transportation system is 
taxed heavily. Figure 3 illustrates the pronounced peaking of transit 
trips in both absolute terms and relative to the automobile, for trips 
entering and leaving the Central Business District of Edmonton in 1972. 
The two major peaks reflect the concentration of home-to-work trips in 
the morning and the work-to-home trips in the late afternoon, while the 
secondary peaks in-between reflect either shopping trips, business trips 
or workers going home for lunch. These peaks, observed in a number of 
other cities, in United States by Meyer, Kain and Wohl (1959) are indica- 
tive of how work trips usually strain the capacity of the transportation 
system during the peak hours. 

Even though it has been realized that a planned program of 
staggered working hours would enable the same total travel to be accommo- 
dated over a longer period and thus reduce the problem of extreme peaks 
for urban transportation, no such program has been implemented in 
Edmonton. This research is therefore concerned primarily with the 
explanation of the pattern of work trips to major employment centers in 
the city because the concentration of work trips in time and space make 
them the major cause of traffic congestion in Edmonton. Moreover, it is 
generally agreed that a highway or transit system adequate to deal with 
work trips will have more than enough capacity to deal with shopping, 


business, social and recreational trips. 
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(d) Travel Time by Transit and by Automobile 


The distances which can be covered in Edmonton in travelling 
by bus or by automobile during the morning peak hour (7:30 a.m. - 8:30 
a.m.) from Zone 0014 in the Central Business District to other parts of 
the city are presented graphically in Figures 4 - 7. Figures 4 and 5 
show that whereas the actual time spent in the vehicle in travelling 
from this zone to the outskirts of the developed parts of the city in 
1971 by automobile was 15 minutes, it would take between 20 and 35 
Minutes when the same journey is made by bus. When door-to-door travel 
times are considered (Figures 6 and 7) the difference in travel time 
between the two modes is more pronounced. 

This observed difference in time between travel by transit 
and travel by the automobile is suggested as an important factor to be 
taken into consideration in the choice of mode in the city. It is also 
suggested that it would not be adequate if efforts to improve transit 
patronage in the city are directed towards reducing the transit in-vehicle 
time, since this component of transit travel is very similar to that of 


the automobile. 


3.3 PREVIOUS ANALYSES RELATED TO WORK TRIPS CONDUCTED IN EDMONTON 

Three previous analyses related to work trips have been 
conducted in Edmonton. The first analysis is the Metropolitan Edmonton 
Transportation Study (METS, 1963) conducted by the Edmonton Regional 
Planning Commission. The second is an unvublished M. Sc. thesis, An 
Investigation into the Modal Split Relationships in the City of Edmonton, 
by Rhyason (1967). The third is also an unpublished M. A. thesis, 


(1972). 
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FIG. 6 AUTOMOBILE TOTAL TRAVEL TIME ISOCHRONE 
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(a) The Metropolitan Edmonton Transportation Study (METS, 1963) 


The METS was based on the need for a transportation plan for 
Edmonton, which would take its future growth and development into con- 
sideration. It used census data, home interviews, truck and transit 
questionnaires and land use data, all tabulated according to census 
tracts, as well as external origin-destination data. 

The Metropolitan Edmonton Transportation Study considered 
different types of trips (including work trips) by different modes. 
It notes that the central area attracts the highest proportion of total 
employment in the city and that work trips constitute 37.4 percent of 
total trips within the Metropolitan Study Area in 1961. The METS report 
also observes that the use of public transit for work trips to the central 
area during the morning peak hour show a consistent trend of decline 
both absolutely and relatively for zones further away from the city 
Concer. 
(b) An Investigation into the Modal Split Relationships in the City of 

Edmonton 

Rhyason used data obtained in 1961 for the Metropolitan 
Edmonton Transportation Study as well as data from origin-destination 
surveys conducted in conjunction with the civic census in 1961 and 
1964. Although primarily concerned with examining the major factors 
affecting the choice of mode for home-to-work journies destined to the 
Central Business District, he also investigates if there was the possi- 
bility of employment changes being associated with modal choice within 
the district. He observes a decrease in Central Business District 
employees in the inner districts and an increase in the outer districts 


which he attributes to these outer districts proximity to developing 


(ant 27 : 
— weadnd is ; 
he (F ; st Ls 
vi) ‘ cbt 4 Cot ee ails | 
~ j \ sia | = +h H me i) & oo ; 7 / ib 
is 7 5 ; ig lp 9 er ou pa itis rs 
4 ts Geis cue y nae RE PBS POW ssa 
Ma eh i , Se tee 
} Brg adobe oe Pate ath Se forh SEPRR Suet i 2 eis 
>. ae , 7 hs i r 
. » ek im Phe peas 1 ir inf Bu { 
; : 
7 $ Ten eyes alin « +‘ 
5 4 
: Vo? Oe tees pices rie, por i fous 
mr rf: i 
i 4 Pi i fat Cate ah eatery’ Pi ay a he te ee : ‘ by es % 
, 3 ‘a, bh VG OS ie a cay oat ae Hd AA 
Olas tom) he =H asia a aa, Aer 
sane - A aii Be ak ae 
i “pal var, b) Vt eae ta sain whee 4 four’ nnn @ ee VIL Seen 
5, "eR } aL pee ’ nl vn if 
' ee a. - p » ig ais | we aia v! 
' Wee cal JfRer at basen bude eae ree uijenbel s Li Te ARS Cw ma 
; a ge eee! We eee eae auiie 
bi: Po E ‘Protec si, i Seg te Sau it ett bibavig 
4 ; : : 2 P we i iy ; 


rN, i fie Auten te +xs5 Lest Ain A whoa! ‘3 me at aha ant on culls eHy Sab” 


‘ 4 ae ~ , Ce r 1M rT; a wy a ov 
’ io ' i oh ae ’ oy 


2 ays’ ater?! vee oie @ bees ae ey Kae La bs fh ‘topitende 4 
. ‘ 7 f a vi, yu: Pde ; La, a in el : 
4 a g : A Var ae , ah ay pak aor: r 
i : . ‘ ae , : , nae a Feu d “a | ae! it og a Me ll 
‘ =. ; rik, he Pi ae iy ‘tf aS y , t 
wi , ‘4 Ae » a tae a i z wif l i) ~ - oe ma ie a | 
: aes ro i , , vm ee Te } , 4 ei kb: P re ht Mf ihc erent dey t Long ® : 
Vey UTS eet 4 | i ¢ phere? tn) "i id @ iy mS: tonne ted Be pe 
Eee AE aa a Nee So ee Alyn Re Pre ae = “ ; 


ie % i j 7 7 - “ ue " ri be ; “hy ; ; i a ' 4 - # 
a oe ) bd vit eae ia 0 SG Gh ae es . Ni 
ret Fone SM ie 7H% 2 PORN, ‘hans 4act eas ib Neen aor GR be 


; 5 ‘ | _ ) The ~v 7 ; ' Hs, r. a? le 
* yp, ’ my pm Ct a het y 4.) ‘a 
dobsvaet saeie-n I DLae nica Saal te ate #o: vbaje nine 46 ‘irene motte it — Pa 
; aa a C Y 


Bee y di ia j t PN ei wh i bal i i r jt ye ry : iy : 
cage Y ot ve ) q ; a hoe 
me tts dienaar arvied Bit ee as Wyk es sugons nh "yang sale 


¥ co ij 
t 


ie ry ‘I he! 


rll an t - 
te i iv “Wb ) ert Sn ’ ve sae week: ssi ben nanos ve "he i 
: Mii fae i 
| ! Ds i 
‘ : big al Be (hi wancsls’ strat aeeile sii! oP ei hey ant ot''§ 
ce et vere oe meee PMY: 


aha sly: ati 7 any Mek Peele nsuat oie 58 i Poe aan 
“a i f a ( ; ' ew q 


‘ah deaonte soar ot if a” 
‘oe: ae ne ” 


iy 


nit at ty, “hbo 4 % sii bas 


“industrial areas. 
(c) Central Business Employment in Edmonton 1961-1967 

Plunkett used the data on Central Business District population 
and employment as summarized by Rhyason, as well as parking and traffic 
conjestion data obtained from the Traffic Engineering Department. He 
obtained the information on the distribution and numbers of functions 
in the Central Business District for 1961 and 1967 from Henderson's 
Directory. These were supplemented by data obtained from field work 
and zoning registration map. 

He investigates the spatial distribution of the residential 
location of Central Business District employees within the city with 
an aim of identifying any relationships between Central Business District 
proximity and incidence of employment in the district. He also examines 
the major differences in employment change from zone to zone within the 
Central Business District from 1961 to 1967. 

He notes that the decreasing number of functions, the increas- 
ing number of vehicles and shortage of employee parking stalls are 
significantly related to the decreasing number of employees in the 
Central Business District over the period. His analysis show that each 
zone within the Central Business District is characterized by its own 
problems and individuality which affect the pattern of changes in its 
employment in different ways over the period. 

He observes that the spatial distribution of the residences 
of Central Business District employees indicate that two well defined 
areas in the north and south sides of the North Saskatchewan River 
have an employment structure such that between twenty and thirty percent 


of their employees work in the Central Business District. He further 
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observes that, on the contrary, two other major areas located in the 
north east and south east parts of the city and both of which are 
situated near other employment opportunities have employment structure 
such that less than twenty percent of their employees work in the 


Central Business District. 


3.4 THE RELEVANCE OF THE RESEARCH 

A major limitation of the previous analyses related to work 
trips in Edmonton is that they consider mostly the trips to the Central 
Business District, ignoring other employment centers in the city like 
the University of Alberta, and the industrial zones in different parts 
of the city. This may partly be due to the fact that the Central 
Business District is the largest single attractor of work trips in the 
city and also partly due to data limitations. 

However, major changes in population, employment, land use 
pattern and transportation system characteristics have occurred within 
the city since these analyses were made. There has been a considerable 
increase in the number of regional shopping centers, industries and 
other establishments located within the surburbs in recent years in 
Edmonton and these may give rise to a different pattern of traffic flow. 

Although some of the previous analyses considered the trend 
of employment in the Central Business District over a period of time, 
there has not been any study of factors underlying the pattern of work 
trips to different employment centers in the city for the same time 
period. Such a study is necessary in order to deterimine the factors that 
are significantly related to work tripmaking to different employment 


centers in Edmonton within a specific period. The empirical work 
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documented here which deals with work trips in 1971 should help to jen 11 
this gap. This study is made possible because of the availability of 
a fairly comprehensive data on trip interchange and land use character- 


istics in the city the sources of which are described in Chapter IV. 
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CHAPTER IV 


SOURCES OF DATA AND DEMARCATION OF MAJOR EMPLOYMENT CENTERS 


4.1 MAJOR TYPES OF DATA AND THEIR SOURCES 

All data used in this study was obtained through the Transporta- 
tion Planning Branch of the Engineering and Transportation Department in 
the City of Edmonton. This branch was responsible for the original 
collection of data on origin-destination survey of home-to-work trips, 
conducted in November, 1971, in conjunction with the civic census of 
that year. The land use data originated in the City of Edmonton Planning 
Department but was obtained in the form it is used in this study from 
the Transportation Planning Branch of the Engineering and Transportation 
Department. 

The 1971 census used a different questicnnaire from that used 
in previous surveys. Rather than precoding interview cards or manually 
coding places of work, the Geographically References Data Storage and 
Retrieval System (GRDSR) was employed. This enabled geocoding to be 
used for obtaining a great deal of information on trip interchange 
characteristics in the city. The original processing of this data, which 
took about three years, was done by the Transportation Planning Branch. 
No such comprehensive information on trip interchange characteristics 
were obtained for the city before 1971. The next period for which 
similar information can be obtained is 1976 and it may take some time 
to be processed and summarized in a form in which it can be used. 

The data was aggregated into various types of geographic 
sub-areas - METS Zones, METS Districts, Population and Land Use (PLUS) 
Areas, Population and Land Use (PLUS) Districts, Traffic Districts and 


Traffic Zones as established by the Engineering and Transportation 
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Department in 1971. The 234 Traffic Zones within the city limits as 
delineated by the Transportation Planning Branch, and presented in 
Figure 8, are used in this study. The Traffic District number is 
obtained by dropping the low order digit from the Traffic Zone number. 
The trip interchange data was provided for each origin-destination zone 
pair in the study area resulting in a large matrix. The land use data 
was provided for each Traffic Zone. All data obtained are discussed in 
greater detail below. 

(a) Land Use Data 

The land use data describes the characteristics of the 234 

Traffic Zones in the area of study. They are measured in acres for 
each zone and consist of the following variables. 

1. Low Density Residential Land 

2. Medium Density Residential Land 

3. High Density Residential Land 

4. Commercial Shopping Center Land 

5. Commercial Strip Development Land 

6. Commercial Highway Strip Development Land 

7. Central Area Office/Commercial Land 

8. Government/Institutional Land 

9. University/College Land 

10. Total Industrial Land 

11. Recreational/Argicultural Land 

12. Vacant Urban Land 

13. Other Classified Land 
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FIG. 8 TRAFFIC ZONES IN EDMONTON, 1971 
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These land use variables were developed by aggregating zoning 
classifications as described in the City of Edmonton Planning Department 
General Summary of Land Use Districts which are provided in Appendix I 
(A). The record layout together with the format for 234 records for 
each variable corresponding to the same 234 Traffic Zones in the area 
of study are contained in a file - TPSR: Land Use 1971, made available 
through the computer of the University of Alberta by the Transportation 
Planning Branch (Appendix I(A)). 

(®)... Trip: Interchange Data 

In order to give access to the data on trip interchange used 
in this study, the Transportation Planning Branch provided a computer 
tape file containing this data for the 234 Traffic Zones in the area of 
study. These variables, as given, consist of the following, 

1. Origin Zone Number 

2. Destinaticn Zone Number 

3. Transit Choice Trips from Origin to Destination 
4. Transit Captive Trips 

5. Auto-Driver Choice Trips 

6. Auto-Driver Captive Trips 

Lun witaction by. lransitj.of Choice Trips (3/(3 + 5)) 
8. Distance in Tenths of a Mile 

9. Auto In-Vehicle Time in Tenths of a Minute 

10. Transit In-Vehicle Time in Minutes 

11. Number of Transfers 

12. Wait Time = Half the Headway of First Bus 


13. Transfer Time = Half Sum of Headways of Other Buses 
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14, Excess Transit Distance at Origin in Meters 
15. Car Ownership at Origin in Cars per Person 
16. Excess Transit Distance at Destination in Meters 
17. Excess Auto Distance at Destination in <5 Blocks 
18. Parking Cost at Destination in Cents per Month 
A description of the record layout together with the format and blocking 
parameters for these variables on the computer tape are enclosed in 
Appendix I(B). A brief description of the meaning as well as modifica- 
tions (if any) of each variable is given below. 

Origin Zone Number: This refers to any of the 234 zones in 
the study area used as an origin. 

Destination Zone Number: This refers to any of the 234 zones 
in the study area used as a destination. 

The next five variables are related to the work trips made and 
are obtained from the zone to zone peak hour (7:30 a.m. to 8:30 a.m.) 
work trip interchanges between the 234 Traffic Zones in the area of 
study. This represents an 85 to 90 per cent sample of total peak hour 
work eripee. compiled for each mode of transportation. 

Transit users were categorized into choice and captive riders 
according to the following criterion, 

"At the household level, an automobile was first 

matched to each reported auto driver work trip. 

Then each reported transit trip was classified as 


being choice if an additional automobile was avail- 
able or captive if an automobile was not available. 


dee Personal communication from D. B. Rhyason, Transportation Planning 
Branch, Engineering and Transportation Department. 
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A particular automoible was considered to be 
available for one transit trip only." 


This form of categorization does not adequately consider other possible 
factors involved in a commuter's modal choice decision such as occasional 
uses of the car for work and alternate use of the car at home. The 
criterion assumes that if an automobile is available for use by the 
transit rider, then that transit rider has a valid driver's license. 
_This method does not exclude the possibility of classifying the.wrong 
transit trip as being choice especially if two or more transit trips 
originated in a particular household and less than this number of 
additional cars were available. The car demand ratio, considered by 
Quarmby (1967) as the ratio of the number of valid driving licences in 
the household to the number of cars in that household may have been a 
more appropriate criterion to use. 

Automobile drivers were also categorized by taking transit 
service into consideration. The following criterion was used, 

"If two or less transit trips were made between 

any pair of traffic zones, then all automobile 

trips between these two zones were considered 

to be captive to the automobile.'"? 
The use of two transit trips between any two pairs of zones as the cut- 
off point was considered to be the error level of the survey data (i.e. 
error due to mis-reporting, mis-recording, mis-interpreting, etc.) This 
approach can be justified on the ground that the captive automobile 


tripmakers are usually found in areas that are poorly served by the 


transit system. 


Za Source: Transportation Planning Branch, Engineering and Transpor- 
tation Department, City of Edmonton. 


a Source: Transportation Planning Branch, Engineering and Transpor- 
tation Department, City of Edmonton. 
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From the two groups of choice tripmakers, namely transit 
choice tripmakers and automobile choice tripmakers, another variable, 
the fraction by transit of choice tripmakers (Transit Choice Trips 
divided by the sum of transit choice trips and automobile choice trips) 
was obtained. This var“able is the choice modal split. 

Distance: This refers to the distance from the zone centroid 
of each traffic zone to the zone centroid of every other traffic zone 
within the area of study. It is measured in tenths of a mile (sixteenths 
of a kilometer) along the shortest path in the arterial network. 

Automobile In-Vehicle Travel Time: This is the travel time 
along the shortest path on the arterial street network. It consists of 
the individual link times determined from volume/capacity/speed algorithm 
together with delays due to traffic control devices. It is measured in 
tenths of a minute, for the A.M. peak hour Eeavell time in the city. 

Transit In-Vehicle Travel Time: This refers to the shortest 
path on the transit network and consists of individual link times taken 
from the transit route schedules. It is measured in minutes, using the 
A.M. peak hour transit travel time. 

Number of Transfers: This indicates the total number of 
transfers required in order to make a trip by bus. 

Transit Wait Time: This is taken as half the headway of the 
first bus route used on the shortest path. It is measured in minutes, 
and is for the A.M. peak hour. This definition is considered to be 
inadequate and it is modified below. 

Transit Transfer Time: This is taken as half the sum of the 
headways of the second and subsequent bus routes used on the shortest 


path. It is measured in minutes using the A.M. peak hour transit time. 
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This definition is also considered to be inadequate and is slightly 
modified for this study. 

Excess Transit Distance at Origin: This refers to the transit 
walk distance at the origin end of the trip. For each trip originating 
in a particular zone, the grid distance was calculated from the coordinates 
of the house and coordinates of the closest bus stop to that house. The 
mean of all these values is used. It is measured in meters. 

Car Ownersip at Origin: This is the ratio of the total number 
of automobiles in a zone to the total population in the zone. It is 
measured in cars per person. 

Excess Wransit Distance at Destination: ~This refers to the 
transit walk distance at the destination end of the trip. For each trip 
arriving at a particular zone, the grid distance was calculated from the 
coordinates of the closest bus stop to that destination. The mean of all 
these values is used. It is measured in meters. 

Extlese Automobile Distance at Destination: This refers to the 
automobile walking distance at the destination end of the trip. For each 
trip arriving in a particular destination, the walking distance from the 
car to the final destination was calculated i blocks. The mean of 


100 


all these values is used. 


4.2 AGGREGATION AND MODIFICATION OF DATA 
(a) Land Use Variables: 

Only the residential land use data is used in the analysis. 
The total residential land in each zone was obtained by summing up the 
low, medium and high density residential land in each zone and this was 


then used for obtaining the following proportions of residential land 
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in each zone, 

ie Proportion of residential land with low density housing (LOW RES). 
aes Proportion of residential land with medium density housing (MED RES). 
oe Proportion of residential land with high density housing (HIGH RES). 
These were obtained by dividing the area of land in each originating 
zone with low, medium, and high density housing respectively by the total 
area of residential land in the same zone. 

(b) Trip Interchange Data: 

Several modifications and aggregation of the trip interchange 

data were made in order to obtain the following variables, 

at fotakrtrips or tie 

Ze Total number of trips originating in a zone (0,) 

34 Total number of trips arriving in a zone (Dy 

4, Total modal split 

58 Automobile Captive modal split 

6. Total automobile travel time 

ve Transit wait time 

8. Transit Transfer time 

ie Total transit time 
16a Weighted travel time 

Total Trips (T3759 Total trips was obtained by summing up all 

the transit choice, transit captive, automobile driver choice and auto- 
mobile driver captive trips along a link. 


Total Number of Trips Originating in a Zone (0,): This is the 


sum of all total trips originating in a zone. It is a measure of the 


number of workers in a zone. 


Total Number of Trips Arriving in a Zone (D,): This is the 
OAS Proce es eae Be 


sum of all trips arriving in a zone from all the other zones within the 
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Study area. It is a measure of the number of job opportunities available 
ina zone. | 

Overall Modal Split (TOTAL MSPLIT): The overall modal split 
is the ratio between the total transit trips and the sum of all total 


Brips along each link, J2e. 


TOTAL MSPLIT = eee enelce trips af pacers Sa erve sei) S 
Transit choice trips + Transit captive trips + Automobile 


driver choice trips + Automobile driver captive trips 


Autocaptive Modal Split (AUTOCAP MSPLIT): This is the propor- 
tion of workers originating in a zone who are captive to the automobile. 
It is obtained by dividing the automobile captive tripmakers along any 
link by the total number of workers at the originating zone. 

Total Automobile Travel Time: This is the sum of the automobile 
apse FE time and the walking time for the excess automobile distance 
at the destination, using an average walking time of 3 m.p.h. (80 meters 
per miRveap This is measured in minutes and was obtained by the use 
of a computer program. 

Transit Wait Time: The definition of this variable given above 
does not seem plausible with the observed behaviour of tripmakers. There- 
fore, this variable was made to have an upper limit of 7.30 minutes 
following Bakker's (1975) indication that in Edmonton a passenger who 
wants to catch a bus exactly on time at the bus stop would have an 


average of 7.30 minutes of waiting. 


Transit Transfer Time: The definition of this variable given 


4. Clement T. 0., "Some Preliminary Observations on Peak Hour Choice 
Modal Split in Edmonton (1971)." 
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‘above is not realistic, especially in light of attempts of the transit 
system to work transfers into timed schedules on the transit route 
network. Therefore the variable was made to have an upper limit of 3.5 
minutes which is the mean value for this variable for major trip inter- 
changes in the city (interchanges with at least 10 total trip along 
them). 

Total Transit Time: Total transit ,time ws the gum of the 
transit in-vehicle time, the waiting time, the transfer time, the walking 
time for the excess transit distance at origin zone and the walking time 
for the excess transit distance at the destination. These walking times 
were calculated using an average walking speed of 3 m.p.h. (80 meters 
per minute). The total transit time is measured in minutes. 

Weighted Travel Time: This is the average travel time for one 
trip between any origin-destination pair. It is calculated by adding 
transit and automobile travel Sere: all ae and automobile trips 
along any link. This sum is then divided by the total number of work 


trips aiong the link. 


4.3 MAJOR EMPLOYMENT CENTERS 
(a) Spatial Distribution of Employees and Employment 

Figure 9 shows the spatial pattern of the density of A.M. peak 
hour work trip origins in the 234 Traffic zones within the city limits in 
1971. The density values are obtained by dividing the total number of peak 
hour work trip origins or employees in a zone by the total classified land 
in acres in the zone (see Appendix II). The area of highest density located 
to the north west of the Central Business District can largely be attributed 


to the building of modern apartments near the center of the city, while 
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the area of high density located in the south side of the North Saskatchewan 
River is an older residential district. There is no constant trend of 
decline in the trip densities as distance from the center of the city 
increases. Clark (1951) has suggested that urban population densities 
decline exponentially with distance from the center of the city while 
Newling (1969) views urban population densities as a continuum with a 
density crater in the Central Business District. Therefore this pattern 
of residential density distribution in Edmonton is anomalous as has been 
noted by the METS report in 1961. 

Figure 10 shows the spatial pattern of distribution of the 
density of A.M. peak hour work trip destinations in the city. The density 
values are obtained by dividing the total number of work trip destinations 
or employment in a zone by the total classified land in acres in that zone 
(see Appendix II). The highest concentrations are located in the Central 
Business District, and the industrial zones lying immediately to the north 
of the district as well as the University of Alberta. The industrial zones 
in the periphery of the city fail to be identified by this approach because 
these zones are larger in size and consequently the resulting densities are low. 

There are zones which do not generate or attract any work trips in 
the city. These comprise the zones containing office buildings, factories 
or warehouses, the Industrial Airport, industrial corridorswithin the city, 
the University of Alberta Farm. They also include some zones along the 
valley of the North Saskatchewan River and the ravines of its tributaries 
which the city has maintained as parks, public land and open spaces. It 
is also interesting to note that work trips originating from St. Albert, 
Sherwood Park, Fort Saskatchewan and other smaller residential communities 


around Edmonton are not considered because they fall outside the city limits. 
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(b) Sampling Edmonton Work Trips 


The 234 traffic zones in the City of Edmonton give rise to a 
large matrix of 54,756 zone pairs containing 62,542 peak hour work trips 
and some of the links contain zero trips. Therefore, in order to obtain 
a manageable number of “inks for modelling of work trips for the entire 
city and also for specific parts of the city, it was necessary to use 
some adequate sampling technique. Instead of using all links in the 
city, some of which contain zero trips, a systematic method of sampling 
was used. 

This was done by aggregating the 5,674 origin-destination 
pairs containing non-zero trips according to major destinations of 
work trips in the city. The Central Business District was selected to 
comprise all zones that have a density of over 20 trips per acre of 
peak hour destination trips located in the center of the city (Figure 10). 
Zone 0454 was excluded while zone 0022 was included in order to make the 
district more contiguous. This resulted in 1128 origin-destination pairs 
in the Central Business District. The criterion used in selecting the 
remaining major employment centers was to aggregate zones that receive 
but do not generate peak hour work trips in the city according to their 
proximity with each other, their geographical location and according to 
fairly similar employment characteristics in order to reflect the observed 
pattern of major employment centers in the city. These zones are 
important only as work trip destinations. This approach resulted in 
268 origin-destination pairs for the University of Alberta, 1,091 pairs 
for the South east industrial zones, 993 pairs for the north west 
industrial zones and 405 pairs for the north east industrial zones. It 


is recognized that although these zones may only be receiving but not 
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‘generating work trips, the number of work trips they recieve may not 
necessarily be higher than that of some zones that both generate and 
attract work trips. 

Out of the 62,542 total A.M. peak hour work trips in the city, 
31.9 percent were destined to the Central Business District, 9.6 percent 
to the University of Alberta, 7.4 percent to the North west industrial 
zones, 6.8 percent to the South east industrial zones and 2.0 percent 
to the North east industrial zones. These major employment centers 
shown in Figure 11 are the areas whose work trip patterns are examined 
in this study. 

It is important to note, however, that a large oil refining 
and chemical complex situated just east of the city limits in the 
contiguous county of Strathcona is not included in this study. This 
is the Chemical Row and was eliminated by the Transportation Planning 
Branch of the Engineering and Transportation Department. The pattern 
of work trip attraction, catchment areas and work trip lengths of these 


major employment centers are discussed in Chapter V. 
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CHAPTER V 
PATTERNS OF WORK TRIP ATTRACTION, WORK TRIP CATCHMENT AREAS AND WORK TRIP 


LENGTHS OF MAJOR EMPLOYMENT CENTERS 


The number of A.M. peak hour work trips between each Traffic 
Zone in the area of study and each major employment center is presented 
in Appendix III. These values are used for obtaining the pattern of 
work trip attraction and identifying the work trip catchment areas of 
the major employment centers in the city discussed in this chapter. 
This chapter also discusses the pattern of work trip lengths in these 


centers. 


5.1 PATTERNS OF WORK TRIP ATTRACTION 

In order to identify the work trip attraction ability of the 
major centers of employment, the percentage of the entire peak hour work 
trips originating in each zone that was destined fer each major employment 
center is calculated. The spatial distribution. of these values within 
the area of study for each major employment center in the city is then 
presented. Figures 12 - 16 indicate the percentage of A.M. peak hour 
work trips originating in each traffic zone sent to each major employment 
center. This approach is taken in order to investigate whether a relation- 
ship exists between a traffic zone's proximity to any major employment 
center and the incidence of people residing in that zone working in that 
major employment center. 
(a) Central Business District 

Figure 12 shows the spatial pattern of work trip attraction 
to the Central Business District. Three major areas can be identified 
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FIG. 12 WORK TRIP ATTRACTION TO THE CENTRAL BUSINESS DISTRICT 
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‘trips originating in them are destined for the Central Business District. 
The first major area lies directly to the west of the district where ? 
many highrise apartment buildings have been constructed in recent years, 
and extends westward to a high class residential area. Another major 
area lies to the north of the Central Business District. It extends to 
the east of the Industrial Airport and continues to the north of the 
rail yards. This area is favourably connected by the street network and 
bus routes to the CBD. The third major area lies to the north east and 
east of the district. It is made up of high density residential areas 
that have easy access to the district. 

This observed pattern indicates that zones sending over 30 
percent of their trips to the Central Business District have extended 
more widely over the city than was the case when Plunkett (1972) did 
his study. The major area to the north of the district sending over 
30 percent of its work trips to the Central Business District in 1971 
corresponds to an area that was sending only 20-29 percent of its work 
trips to the same district in 1967. A similar situation is observed 
for another smaller area to the east of the University of Alberta. 

There are a few zones in the extreme south west of the city which were 
sending over 30 percent of their work trips to the Central Business 
District in 1971. This may be explained by the improved connection 
between this new high class residential district in the south west and 
the Central Business District arising from the construction of the 
Quenell Bridge. On the whole, the proportion of work trips sent by 
most zones in the city to the Central Business District has increased 
tremendously in recent years. 

The Central Business District attracts work trips from the 


entire city. This is further emphasized by the fact that, with few 
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exceptions, all the traffic zones in the area of study send the highest 
proportion of the A.M. peak hour work trips to the CBD, irrespective of 
their distance from the district (see Appendix III). This indicates that 
the residential distribution of workers in the Central Business District 
in Edmonton approximates that of the entire urban area. This pattern is 
common in most urban areas because the large and heterogeneous work force 
demanded by the district for its governmental, institutional, tertiary 
and specialized services can only be satisfied by the whole urban area. 
In most cases, the Central Business District is well connected by street 
and transit routes to all parts of the city so that there is the ability 
for employees in the district to live any where in the city and still get 
to work without enduring undue travel costs. Other factors that may also 
influence the residential location pattern of CBD employees include 
people's preferences for residential sites, neighbourhood considerations 
and other economic and sociological factors. 
(b) The University of Alberta 

Figure 13 illustrates the spatial pattern of work trip and 
student trip attraction to the University of Alberta. This major 
destination and the others discussed below receive only the second 
highest proportion of A.M. peak hour work trips from any zones in the 
city, after the highest proportion has been sent to the CBD. It attracts 
work trips from all over the city but its attractive ability is secondary 
to that of the Central Business District. 

The zones which send the highest proportion of their work trips 
to the University are located in the south side of the city in which the 
University is situated. This reflects the tendency for workers and 


students to live near the University. It is also interesting to note 
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FIG.13 WORK TRIP ATTRACTION TO THE UNIVERSITY OF ALBERTA 
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that the zone in which Michener Park is located sends over 80 percent 

of its total A.M. peak hour work trips to the University of Alberta. 

This is explained by the fact that Michener Park is the University 
residential complex for married students and that it is observed that 
the wives of many students living in this complex work in the University. 

The University attracts a variety of workers and students 
whose residential location decision is influenced by family and economic 
considerations. These include the wives of professors and students work- 
ing in the University and those students who live at home with their 
parents. Although, the University attracts a large number of trips, it 
consists of only two traffic zones. All these may have contributed to 
make the attempts to develop models explaining the factors that underly 
the trips made to the University unsuccessful. These models are not 
discussed in Chapter VI. 

(c) Other Employment Centers 

Figures 14 - 16 illustrate the spatial pattern of work trip 
attraction to each of the industrial areas in the city. These industrial 
areas have a fairly similar pattern of work trip attraction and are 
therefore discussed together. 

An examination of the pattern of distribution of commuters to 
these peripheral industrial areas indicates a more tightly clustered 
pattern around each destination district and they all show a strong 
distance-decay effect. This observed pattern indicates the tendency 
for workers to live near their places of work. 

It is interesting to note that each industrial district draws 
some work trips from all parts of the city. As in the case of the 


University of Alberta discussed earlier, the attractive ability of each 


reseed OB ero abaoe Bed 


“23 eran ball aly ni suet 

JGR3, vata wag et $2 fa lk ‘baeie | 
beaut rs | rel rated 

re ee.” ee 

WG a Lat ¥ pant ¥o' busy ty 

Heo 4 inehorR nes Baiod veatioay 0 

| a Sat een) Agent de mii in ! 

ay maven 5 “i ond teint hi oe | q 

a ip a nie ad vei sig neu 


Fs me 
yfWseny ‘tee aig a: 2 hid 


4 


ton Gre , Sishon seat 4a 


“an FXO “Tew satabs’ sma 
bes or aut? pee aha ut | 


ik bie ratgbetds pe 


Og tes gepuitos ta sstasletiicl van sli sid $6 podanerans ah Hi i 
ny hevesents Uo salisal a wstmatitnt em renee, ‘Nikcempoedlt oe i 
: aronse R wards: se eae i tytn, nad anndaweh duien hens me 
seamen ona pingithea: mun? $4 novi nigh jinaten essa -soneseth | “ 
fine te ne wits en vil os “aheskioy 2. ms 
| q yvarh solateth inaviaubnt ee, sady hen ad ihigibives a: ea 31 » 
Ay Ld. Ee wai ads ms aly ate opt tp ie doy? agres stow moe a 
i sohe 14 -¥ soihta soo sores sail Read reheat th as: oflh ta” ae 


is 


I 
i ] | 
a | r] 
| | 
| i} 
| i 
A i t 
Traffic Districts & Zones J 1 
; pags g EBACE: RUCa nee a, aie imide ars % 
=== =1971 City Limits ; i 
; Area of. Study | 


4 

| 

| 

| 

Wacaz = | 

| | 

i 

| Y 

, . 

Ta Fe 21% 30% H 

) 8 

y 8 | 
| @ 


FIG. .14 WORK TRIP ATTRACTION TO THE SOUTH EAST INDUSTRIAL ZONE 
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FIG 15 WORK TRIP ATTRACTION TO THE NORTH WEST INDUSTRIAL ZONE 
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industrial district is secondary to that of the Central Business District. 
The dominating effect of the work trip demand of the CBD is. such that it 
attracts the highest percentage of workers originating in most zones. 

The second highest percentage is then sent to one of the other remaining 
major employment centers. This is an important fact to be taken into 
consideration with regard to the relative attractive ability for work 


trips by the major employment centers in the city. 


5.2 WORK TRIP CATCHMENT AREAS 

In order to identify the work trip catchment areas of the major 
employment centers in the city, the percentage of each employment center's 
demand for work Dae wantwenea by each zone in the area of study is 
calculated. Then, for each zone, the major employment center with the 
highest percentage is considered to incorporate that zone within its 
catchment area. This approach allows a definition of catchment areas 
which are not obscured by the dominance of the Central Business District. 

Figure 17 presents the work trip catchment areas of the major 
employment center in the city including the Central Business District. 
Although the CBD receives the highest proportion of work trips of most 
zones in the city, the demand for work trips in the district is so high 
that the percentages obtained for the CBD is much lower than that obtained 
for other employment centers. This approach seems to conceal the dominat- 
ing effect of the CBD but the tendency for catchment areas of other 
employment centers to be localized around each destination area is 
observed. This trend is slightly obscured by the influence of the CBD 


and in some cases the University of Alberta. 
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Figure 18 presents the work trip catchment areas of other major 
employment centers being maetaered excluding the Central Business District. 
It shows that when CBD is excluded the work trip catchment areas become 
more distinct. It indicates a marked concentration of each major employ- 
ment center's work trip catchment area around that major center. Most 
zones in the south west of the city and isolated pockets in the north of 
the city make up the catchment area for the University of Alberta. The 
general trend for the remaining major centers is such that traffic zones 
in the north west, south east, and north east of the city comprise the 
work trip catchment areas of the North west, South east and North east 
industrial districts, respectively. There are a few minor exceptions to 
this general trend and such anomolies involve only a few trips (1 or 2 
trips in most cases). It is possible that they may have occured by 


chance. 


5.3 WORK TRIP LENGTHS 

In order to measure the spatial pattern of work trip attracting 
capacity of the employment centers, the number of workers arriving at 
each major destination from specific distances or the work trip lengths 
are aggregated. This approach is used to investigate what percentage 
of actual work trips demanded by each major employment center is satisfied 
as distance from that major destination increases. 

Table 4 shows the percentage of total trips and the cumulative 
percentage of total work trip demand of the major employment centers 
derived from specific distances away from these centers. Each center 
receives up to 25 percent of its work trips from places less than 3 
miles away. All the centers, except the North west and the South east 


industrial districts receive at least 80 percent of their work trips 
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from places not more than 6 miles away. These indicate the tendency for 
workers to live near their places of work. Each center receives over 
90 percent of its work trips from places less than 9 miles away. 

Due to its centrality, the longest work trip to the Central 
Business District is only 10 miles. For the same reason, the University 
of Alberta has the longest work trip length of 12 miles. The. situation 
in the industrial districts is quite different. The longest work trip 
to the North east industrial district is 14 miles, while it is 15 miles 
for the South east industrial district and 16 miles for the North west 
industrial district. This seems anomalous but may be explained by the 
fact that these industrial districts are located in the periphery of 
the city. Only a few trips, often just 1 or 2 trips came from such 
long distances to these centers and it is always expected that several 
such minor anomalies will occur by chance. 

It would appear that there is not much variation in the pattern 
of work trip lengths to these major employment centers. All receive work 
trips from all over the city and the proportion of their total work trip 
demand satisfied as the distance from these centers increase are fairly 
comparable. In spite of this apparent similarity the commuting pattern 
of the CBD differs in several respects from the pattern for the other 
major employment centers. The dominant effect of the CBD's demand for 
work trips is such that it attracts the highest number of work trips 
from most zones in the city after which these zones send their second 
highest trips to any of the other major destinations. This indicates 
that the work trip attracting abilities of the other major destinations 
are secondary to that of the CBD. All major employment centers in the 


city attract work trips from all parts of the city but the spatial 
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pattern of attraction for the CBD is quite different from the pattern for 
the other major centers. Whereas the spatial pattern and intensity of 
attraction for the CBD approximates the residential density pattern for 
the city, other major employment centers exhibit a denser pattern around 
each district with a strong distance-decay effect. This major difference 
in the spatial pattern of attraction is not reflected in the observed 
work trip lengths for these centers. This may be attributed to the fact 
that although the CBD's demand for work trips is satisfied from all 
directions in the city while the demand of other major centers (except 
the University of Alberta) is satisfied only from one direction, the 
increasing number of zones from which other major centers receive work 
trips compensates for the fewer number of work trips received from each 
zone. These differences between the commuting pattern to the CBD and 

to other major employment centers in the city deserves more investigation. 
The trip distribution models of Chapter VI serve to shed some light on 


these differences. 
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CHAPTER VI 


MODELING PATTERNS OF WORK TRIP DISTRIBUTION IN EDMONTON 


In the use of multiple linear regression in this study, the 
F-ratio hypothesis testing procedure is used to test the statistical 
Significance of the reg.ession analysis. The choice by most researchers 
of any conventional level of significance is inadequate and often mis- 
leading because this approach does not reflect the differences in the 
types of empirical problem being treated. The primary objective of the 
analysis is to explain the inter-relationships between work tripmaking 


"explanatory" variables and so the major aim is to 


and a number of 
emphasize the strengths of the relationships obtained. Under these 
circumstances, a low level of significance is appropriate. 

First, all variables introduced in the regression are 
included in the equation and then the regressions are re-run without 
insignificant variables or variables that are significant at ana level 
of only .25. This enables the importance of the variables as indicated 
by their level of significance, to be used as a basis for systematic 
elimination of variables until only highly statistically significant 
regression coefficients are obtained. Detailed definition of the 


descriptive statistics associated with the multiple linear regression 


model are presented in Appendix IV. 


6.1 FITTING THE MODELS 

STEP 1: The geographical aieeei bution of employment opportun- 
ities (D,) is fairly concentrated in the major centers of employment in 
the city while the distribution of workers in each zone (0,) is fairly 
dispersed, with varying densities, within the city. These two variables 
which are major explanatory variables in trip distribution models are 
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entered first. 

STEP 2: The measures of spatial separation in the form of 
distance or travel time may affect the volume of work trip interchanges 
between pairs of zones. Distance and weighted travel time are introduced 
in separate runs in order to find out whether tripmakers view spatial 
separation more in terms of distance or of travel time. 

STEP 3: Automobile ownership ratio is entered next. It is 
expected that the rate of automobile ownership ratio would be positively 
related to the number of work trips made by automobile. 

STEP 4: Parking cost at destination may limit the number of 
work trips that may be made by automobile, so this variable is entered 
next. It is expected that the higher the parking cost, the fewer the 
number of work trips by automobile made to that destination. However, 
this situation may be complicated by the fact that employee parking 
stalls are often provided in some major employment centers. It is also 
possible that high cost of parking at destination may only divert more 
trips to the transit, thus resulting in increased modal split instead 
of lower volume of trips. 

STEP 5: Accessibility to the transit system is important in 
trip distribution since it determines the number of work trips originat- 
ing in a zone made by transit. Each of the accessibility indices, namely 
choice modal split (CHOICE MSPLIT) total modal split (TOTAL MSPLIT) and 
automobile driver captive modal split (AUTOCAPTIVE MSPLIT) are entered 
in separate runs. Of these, the best model indicates which is the most 
appropriate measure of transit accessibility for zones sending work 
trips to the employment center under consideration. 


STEP 6: The proportion of residential land with low, medium 
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-and high density housing in each zone is related to the number of work 
trips originating in a zone (0,). Each type of residential land use 
proportion namely, LOW RES, MED RES or HIGH RES is entered into separate 
runs in order to determine which is most significantly related to work 
tripmaking to each major employment center. 

STEP 7: After the linear forms of the models have been fitted, 
common logarithmic transformation (Base 10 logarithm) of the variables 
is used to obtain log/log models. This approach is taken in order to 
determine how the transformation improves the level of explanation of 
the models. The functional form obtained is such that the log of work 
trip demand is linear in the log of the explanatory or independent 
variables used. 

The accessibility indices and the proportion of residential 
land with low, medium or high density housing are not transformed into 
logarithm because some of the observations have zero values for these 
variables. 

STEP 8: It is recognized that there may be differences in the 
factors affecting work trips due to their different locations in the 
city. Therefore, the use of dummy variables indicating the locations 
to which work trips are destined are also investigated. First, two 
dummy variables indicating whether a work trip was made to the Central 
Business District or to an industrial zone are used. Then, four dummy 
variables indicating whether a work trip was made to the Central Business 
District or to any of the three industrial zones in the city are also 
used. The models obtained for each major employment center and combina- 


tions of these centers are presented in the following section. 
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ibe Mie les Jem ete C2 1043) = 1023. o+=..0005. R= .662 
Variables b F(1,1043) ro} 
0; -0473 1338). .9005 
= .00658 792. -0005 
Constant -19.2 


0; and ye are strongly associated with work tripmaking to the 
Central Business District. The importance of 0; reflects the fact that 
the spatial pattern of work trip attraction to the CBD approximates the 
residential distribution of workers in the city since most zones send 
their highest number of work trips to the district. The attractiveness 


of the Central Business District (D,) is also a major factor that explains 


work tripmaking to the district. 


Ponstinia:vptafinesinaasofr(A}h042denT0dew ahebeOGOs ER n=8e669 


Variables b F(1,1042) O. 
0; -0475 1879. .0005 
De .00661 Si2: .0005 

4 
DIST -.0758 19.8 .0005 


Constant -16.1 


Distance is inversely and significantly related to work trip 


making to the Central Business District. 
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2 


oe Multiple: (Ra= 3620 oF(3,1042) = 711. - ao =.J0005 R- =..672 
Variables b F(1,1042) oO 

0; .0478 1398. .0005 

e; .00667 833. .0005 

W TTIME -.265 30). 5 .0005 


Constant -19.3 


Like distance, weighted travel time is also inversely and 
Significantly related to work trip making to the Central Business Dis- 
trict. This seems to indicate that work tripmakers to the district view 
spatial separation either in terms of distance or of travel time. This 
relationship remains stable, even when other variables related to work 
trips to this district are considered (See Appendix VI (a) Runs 4 - 7). 
Although the sign is stable, it is interesting to note that neither 
distance nor travel time increases the level otf explanation significantly. 
Possible verifications of this finding are discussed in a later section 


in which the CBD and industrial zone models are considered. 


4 
4, Multiple R.= .819° F(4,1041) =) 529. oa = 0005) Re =i 670 


Variables b F(1,1041) a 
0; .0470 1305. -0005 
dD. 00661 816. .0005 
a -.0822 22.8 .0005 
AUTO 13 5.32 2025 


Senne ae 


Constant -19.5 
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Automobile ownership is positively related to work tripmaking 
to the Central Business District and it is fairly significant. However, 
it does not increase the amount of variation explained by the model con- 
siderably. 


a Multiple R= .819 F(5,1040) = 423. a = .0005 R? = .670 


Variables b F(1,1040) a 


0; -0470 1303. -0005 
De -00658 683. -0005 
DIST = OO2L Zoat -0005 
AUTO Higa) De Lil 2025... 
PCOST -00036 sD NOT SIG. 


Constant -19.5 


Parking cost at destination is not a strong deterrent to work 
tripmaking to this district and is therefore removed in subsequent runs. 
This may partly be explained by the fact that employee parking stalls 
are often provided free or subsidized heavily by some employers in this 
district. Moreover, since the district is well served by the transit 
system, the high cost of parking diverts many work trips to the transit 


resulting in increased modal split. 


pebeennia Ho ae oes ie 7 
Fave gsi gtttat ey 


rhe Wye} 


“and seve wit - ontolionn' 


i ; it 7 7 ‘7 7 
hag ak 
® ei 00 Ae ’ i ie ts i " i WA een dau vay “s ea ie 


j ' fe oe 
+ Hi y is : 
* : 4) i Aas ss e iL al 


asa. ory, 
sie iy ; ast ‘i 4 1 


elt ssi ‘chit 
‘etter aatbiea sn | 
| | ais pt eral on lay 
: atennes ‘oy. wa bavi pig's 
: ttanas4 at a2 1 eatsa ‘oui 


91 


WN retary a) 66511040) = 1422, dan s0005 RB” = ..671 


Variables b F(1,1040) a 
0; -0469 1303. .0005 
D, .00663 820. _ 0005 
DIST -.0831 23.53 .0005 
AUTO 18 DO. 5025 

CHOICE MSPLIT -1.75 S24 Rae) 


Constant -19.1 


Choice modal split is the measure of transit service or access- 
ibility which is ES significantly related to ane eine to the 
Central Business District. Total modal split is not significant while 
the proportion of workers who are captive to the automobile is only 
slightly significant (a = .25) in the explanation of work trips 
to the district. These are shown in Appendix VI (a), runs i and 2 
respectively. However, choice modal split does not increase the amount 
of variation explained by the modal. 


2 
he Multiple R= .821 F(6,1039) = 359. a = .0005 R) =. .674 


Variables b F(1,1039) a 
0; .0466 UZ935% .0005 
D .00663 826. -0005 
DIST -.0590 9.91 .005 


AUTO tHe Ieee ee .005 
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CHOICE MSPLIT -1.43 Ze19 6 3) 


LOW RES =5'2 Ge9Z .005 


Constant -16.7 


The proportion of residential land with low density residential 
housing is inversely related to the work trips sent by each zone to this 
Misurice. 


os Multiple R= .821 F(6,1039) = 358. a = .0005 R? = .674 


Variables b F(1,1039) a 
0, 0467 1293 0005 
‘ .00663 827 0005 
DIST -.0617 2 001 
AUTO 15.8 9582 .005 

CHOICE MSPLIT -1.45 2nne Dae 

MED RES D0 9.65 .005 


Constant -22.4 


The proportion of residential land with medium density residen- 
tial housing is positively related to work trips sent by each residential 
zone to this district. It is interesting to note that this variable and 
the proportion of residential land with low density housing are related 
to work trips to this destination in opposite directions. 


However, neither of the proportion of residential land use 
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with low density or medium density housing improves the level of explana- 
tion in the models. Also, their inclusion results in the choice modal 
split being reduced from a former higher level of significance (a = .10) 
to a much lower level of significance (a = .25). 

Table 5 presents the results of the regressions obtained from 
the logarithmic transformation of the variables. The functional form 
obtained from this transformation results in the general multiple linear 


regression equation, 


Te. = Db. + bo 0. Fb 
34 fe) i 


a 2 


Do = oe, Dist 
j 3 


being changed to 


=b + a - IS 
Log ee bo bb log 0; bo log D by Log DIST 
or 
0,1 v,2 
7s 
ae oY DIST 3 


This logarithmic transformation indicates a closer relationship with the 
traditional gravity model. Therefore, the amount of variation explained 
by each model is significantly improved in these models in most cases. 
All the models perform much better than their equivalents. 
Again, 0, and ar are predominant in explaining the distribution of CBD 
work trips, while distance, weighted travel time and automobile ownerhip 
are still as significant in this form as in the linear form. Parking 
cost remains insignificant. It is however rather surprising that the 
level of significance of the measures of spatial separation, namely, 
distance and weighted travel time, decrease in significance in the 


logarithmic forms. 
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TABLE 5 


BUSINESS DISTRICT (LOG TRANSFORMATIONS) 


Multiple “R= .850" /F(2,17042) = 1360. a = .0005 R- = .723 
Variables b F(1,1042) a 
Log of 0, «/85 2028. -0005 
Log of ue 969 838. 0005 

Constant -4.16 
9 

Multiple 8) =.852 > /F(3,1041) = 917. “a= 20005. Ro = 1726 

Variables b F(1,1041) O. 
Log of 0; SoZ 2046. 0005 
Log of Dy IZ 849. 9605 
Log of DIST -.0947 9.37 .605 
Constant -4.04 

2 

Multiple R= .851 F(3,1041) = 914. a= .0005 R° = .725 

Variables b F(1,1041) oy 
Log of O, 794 1995. 0005 

i 

Log of uk 975 849. 0005 
Log of W TTIME -.104 6.65 -O1 
Constant -4.07 
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TABLE 5 — Continued 


2 


GonevuLtiple .R =—we55 0 E(4,1040)5= 693. a .=,.0005 R, = .727 
Variables b F(1,1040) a 
Log of 0; . 780 1375 0005 
Log of nF <o 71 B52’. -0005 
Log of DIST -.119 135.6 .0005 
Log of AUTO 204 6 oy 3025 
Constant -3.87 
5.4.Multiple: R;=,-823:,F(5,1039) = 554. -a = .0005 R se eu: 
Variables b F(1,1039) a 
Log of 0; - 780 1874. -0005 
Log of D, O72 835. .0005 
Log-of DIST -.119 L326 -0005 
Log of AUTO -204 6.36 2025 
Log of PCOST -.00250 .013 NOT SIG. 


Constant -3.86 
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Many interesting conclusions can be drawn from these results 
of the analysis of work trips to the CBD. Because the work trip catch- 
ment area of the CBD is fairly coincident with the residential distribution 
of workers in the city, 0, is highly correlated with work trips or ue 
(r = .637) and is there Sore the major explanatory variable. This indicates 
that work trip attraction to the CBD is well explained by the intensity 
of work trip generation of the zones. The importance of the district as 
a major employment center also explains it high attractive ability for 
work trips. After these two major variables, several others seem to be 
Significantly related to work tripmaking to the district but they do not 
increase the amount of variation explained by 0, and D The logarithmic 
transformation of the variables improves the level of explanation of the 
models and as with the linear forms, generation explains the highest 


proportion of variation. 


6.3 SOUTH EAST INDUSTRIAL ZONES 


2 
1. Multiple Ro=).4/74 -E(2,856) = 124. ‘0 = ,0005, RR “='.225 


Variables b F(1,856) a 
0; 00728 178. .0005 
* -00580 85.0 0005 


Constant -1.91 


As expected, 0, and a are important explanatory variables. 
i. 


related to the work trips to the south east industrial zones. 
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Distance is inversely and significantly related to work trip- 


making to these industrial zones. 


In fact, it emerges as the most import- 


ant explanatory variable since its introduction almost doubles the 


amount of variation explained by 0, and uy combined. 


Multiple R= 


Variables 


Constant 


1.90 


3033 13,855) 


= 191.) Gee. 0005" oR 
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Weighted travel time is also inversely and significantly re- 


lated to work tripmaking to the south east industrial zones. 


However, 


it is not as important a contributor to variance explained as distance. 
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Lec ele mgr TT TC eeeay iio a 100s Ree C410 
Variables b Ate F(1,854) a 

0; -00684 197. -0005 

ve -00646 Sor -0005 

DIST -.0660 258 0005 

AUTO M375 5.64 O25: 


Constant .168 


Automobile ownership ratio of the origin zone is positively 
and fairly significantly related to work trips in these zones. However, 
it contributes only marginally to increasing the level of explanation 


of the model. 


a2 Multipte “R= .041 (5,853) = 119. “a = 20005 Ro = 2410 
Variables b E.G 854) . 

0, -00684 1975 .0005 

Ds 00659 114 0005 

DIST -.0658 25, 0005 

AUTO 4.76 5.66 025 

PCOST -.00158 ray NOT SIG. 


Constant «322 
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Parking cost at destination is not a strong deterrent to work 


tripmaking in these zones. It is therefore excluded from subsequent runs. 


Gee Waits B67 FS. 853).— 130. a =..0005 R? = 432 


Variables b BC 5853) a 
0; .00735 228:3 -0005 
- - 00606 L243 .0005 
DIST -.0611 221s. .0005 
AUTO 5.68 8.28 .005 

AUTOCAP MSPLIT 24.3 3220 -0005 


Constant -./25 


The proportion of automobile captives in a zone is highly 
significantly related to work trips ending in these zones. Choice modal 
split and total modal split are only slightly significantly related to 
the same trips with a levels of .01 and .05 respectively (Appendix VI (b) 


runs Land 2): 


2 
die Multiple R= .672 BC6,852) = 117. Ge=.0005 R = 450 
Variables b FC. ,8520 a 
OF -00754 246. -0005 
1 
De -00614 10m 8 -0005 
J 
DIST -—.0642 Zeal . -0005 


AUTO 2.61 1.6/7 22a) 


100 


AUTOCAP MSPLIT 2 dand 30.0 -0005 


LOW RES a2 9 30.2 -0005 


Constant -2.20 


The proportion of residential land with low, medium and high 
density housing are all significant in explaining work trips to the 
south east industrial zones but the proportion of residential land with 
medium density and high density housing explain less amount of variation 
(Appendix VI (b) runs 3 and 4) than the proportion of low residential land 
with low density housing presented above. However, since its inclusion 
reduces the significance level of the automobile ownership ratio (from 
a = .005 in run 6 to a = .25 in run 7) the car ownership ratio is removed 
in the next run to obtain the following model which is the best linear 


model for this destination. 


8. Multiple R= .671 F(5,853)'= 140.. a = .0005 R? = .450 


Variables b F(1,853) a 
0; .00766 264. -0005 
2 .00615 132 < .0005 
DIST -.0648 ZOD .0005 

AUTOCAP MSPLIT ~22.7 28.9 -0005 

LOW RES S519 sik -0005 


SSS... 


Constant —1.50 
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Table 6 shows the results of the regressions obtained from 
the logarithmic transformations of the variables. The amount of variation 
explained in each model is very slightly improved when compared with 
their equivalents in the linear models. The significance of the automobile 
ownership ratio is reduced (from a = .025 to a = .10) in the logarithmic 
model. Parking cost at destination remains insignificant in the logarithmic 
form. 

In the south east industrial zones, the model obtained from O,> 
a and DIST is the most meaningful model since these are the major explan- 
atory variables related to work tripmaking to these zones. The proportion 
of automobile captives and the proportion of low density residential land 
further improve the model slightly. Parking cost is not significant and 
the automobile ownership ratio is rather unstable in the slight contribution 
it makes in increasing the amount of variation explained. Logarithmic 
transformation of the variables increase the level of explanation of the 


models. 
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TABLE 6 


SOUTH EAST INDUSTRIAL ZONES (LOG TRANSFORMATIONS ) 


Multiple R= .480 F(2,856) = 128. a = .0005 R? = .230 


Variables b F(1,856) a 


Log of 0, 4489 188. 0005 


Log of ne -564 86.0 -0005 


Constant -2.29 


Multipte R*=42660 F(3,855) = 230. «.= .0005 R = .435 

Variables b F(1,855) a 
Log of 0. Piao si LIS -0005 
Log of D, 628 145.2 .0005 
Kos Gf DIST -.678 311: .0905 
Constant -1.35 

2 

Multiple R= .648 F(3,855) = 206. a= .0005 R = .419 

Variables b F(1,855) a. 
Log of 0; cs\iLS)} 20 Me -0005 
Log of D. .642 TAT -0005 

J 

Log of W TTIME -.783 2419 -0005 


Constant -1.64 
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TABLE 6 -— Continued 


4. Multiple R= .662 F(4,854) = 166. a = .0005 ne = .438 


Variables b F(1,854) 7 
Log of 0. -484 2203 -0005 
i 
Log of us -628 145. 0005 
Log of DIST -.674 S07. 0005 
Log of AUTO 290 3.80 tO 


Constant -1.19 


5. iMuitiple K = .662 FO,855) = 293. a= :0005 R? = .438 
Variables b Pt 1.853) a 
Log of 0, 485 Wap 7S .0005 
Log of DS 656 LLAN: 0005 
Log of DIST -.675 308. .0005 
Log of AUTO «236 BOD 202 
Log of PCOST -.0837 Tg NOT SIG. 


Constant -1.08 
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6.4 NORTH WEST INDUSTRIAL ZONES 


ce Multiple R = .594 F(2,910) = 248. a = .0005 Ro =35 305 
Variables b F(1,910) a 

0; .00750 P52. = -0005 

D, -00613 385. .0005 


Constant -2.29 


0, and D, are important explanatory variables related to work 


tripmaking to these zones. 2, seems to be more important than OF. 


26 Multiple R = .689 F(3,909) = 275. a = .0005 Ro mig aps) 
Variables b F(1,909) a 
0; .00881 Pisa 4 oe .0005 
D, .00603 G59. .0005 
DIST -.0676 213. 0605 


Gonstant. “1,22 


Distance is inversely and significantly related to work trips 
in these zones. It increases the amount of variation explained by the 


model considerably. 
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3. Multiple R = .676 F(3,909) = 166. a = .0005 R? = .457 


Variables b F(1,909) O. 
0; .00753 153% 0005 
uy -00617 388. .0005 

W TTIME -.211 180. .0005 


Constant -2.27 


Although weighted travel time is also inversely and signifi- 


cantly related to work trips ending in these zones, distance used as a 


measure of spatial separation gives a better model. 


4. Multiple R = .693 F(4,908) = 210. a = .0005 R? = .481 


Variables b F(1,908) a 
0; -00905 22 .0005 
D, .00603 463. .0005 
DIST -.0686 220: .0005 
AUTO -6.91 9.28 .005 


Conscane sez 


Automobile ownership ratio at origin zone is fairly signifi- 
cantly related to work trips ending in there zones. However, as in 
the North east industrial zones, it has an unexpected negative sign. 
It is possible that this unexpected inverse relationship may be capturing 


a "peripheral location" factor. 
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Bre Multiple R = .695 F(5,907) = 169. a = .0005 Ro = .483 
Variable b F(1,907) 1 
0; -00908 265 .0005 
Ne .00635 Sy fe) .0005 
DIST -.0695 234. .0005 
AUTO -7.12 9.85 .005 
PCOST -.0121 S) il 5 1G 


Constant 4.12 


Parking cost at destination is only slightly significantly 
related to work trips in the North west industrial zones. However, 
it does not increase the level of explanation by the model considerably. 


6. Multiple R= .721 F(6,906) = 163. a = .0005 R? = 019 


Variable b F(1,906) a 
0; .0102 3335 .0005 
DS .00606 360. -0005 
DIST -.0666 219. .0005 
AUTO -6.62 gna4 005 
PCOST -.0125 eo 2 -05 

AUTOCAP MSPLIT 2262 68.9 -0005 


Gonstante 5 .L3 
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The number of automobile captives in a zone is the best measure 
of transit accessibility for work trips ending in the North west industrial 
zones. Choice modal split is not significant while total modal split is 


only slightly significant. 


2 


7. Multiple R= .727 F(7,905) = 145. a = .0005 R° = .528 
Variables b F(1,905) a 
0; .0104 355. .0005 
D, .00613 374. .0005 
DIST -.0694 238° .0005 
AUTO =8.72 15.3 .0005 
PCOST 26137 4.74 .05 
AUTOCAP MSPLIT 21.7 67.1 .0005 
LOW RES =262 78 .0005 
Constant 1.68 
2 
8. Multiple R= .727 F(7,905) = 145. a= .0005 R = .528 
Variables b F(1,905) o 
0. .0104 355. .0005 
ai 
D. .00612 B73 .0005 
j 
DIST -.0694 273% .0005 
AUTO Bory? 167% .0005 
PCOST -.0136 4.68 -05 
AUTOCAP MSPLIT 21.8 67.5 -0005 


MED RES -2.83 16.9 -0005 
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The proportion of residential land with low and medium density 
housing are equally highly significant in explaining work trips ending 
in these zones. The proportion of residential land with high density 
housing is significant only at the a level of .025 (Appendix VI (c) 

Run 3). 

Table 7 shows that all the models obtained from the logarithmic 
transformations of the variables are worse than their equivalents in the 
linear models. This contrasts sharply with the results obtained from 
models in the Central Business District and South east industrial zones 
already discussed. There is no easily recognizable explanation for this 
rather anomalous situation. 

The general trend in the North west industrial zones is that 
the model obtained from 0,5 ae and DIST is the most meaningful model 
since these are the major explanatory variables. After these major 
variables, several other variables improve the model only slightly. The 
logarithmic transformation of the variables does not improve the level of 


explanation of the models. 


6.5 NORTH EAST INDUSTRIAL ZONES 


2 
ie Mubtiples i= .373 .F(2,267) = 21.6 a = 0005 *Rae= -139 


Variables b EGL,26¢,) a 
0; -00504 Se) 0005 
D, .00461 7.06 O1 


Constant -.426 


In the north east industrial zones, 0; is more significantly 


related to work tripmaking to these zones than Dee This may be reflect- 
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TABLE 7 


NORTH WEST INDUSTRIAL ZONES (LOG TRANSFORMATIONS) 


Multiple R = 9/578 F(2,910) = 228. «a = .0005 R? = .334 


Variables b F(1,910) 1 
Log of 0; ware 144. -0005 
Log of Re 698 B54. .0005 


Constant -2.34 


Multiple R = .684 F(3,909) = 266. a = .0005 R? = .468 
Variables b F(1,909) a. 
Log of O 442 246 0005 
Log of D, | sL0Z 255. .0005 
Log of DIST = 995 229). 0005 
Constant -1.52 
2 
Multiple R= .669 F(3,909) = 246. a= .0005 R = .448 
Variables b F(1,909) a 
Log of O, ~442 236. 0005 
i 
Log.of -D, .778 5155 .0005 
J 
Log of W TTIME -.694 188. -0005 


Constant -1.90 
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“TABLE 7 - Continued 


ys 


4. Multiple. R.= .690. F(4,908).= 206. a= .0005 R = .476 
Variables b F(1,908) a 
Log of 0. -470 264. -0005 
Log of ue .708 462. 0005 
Log ote DIST -.609 Zale .0005 
Log of AUTO -.463 14.6 0005 
Constant -1.79 
5. Multiple R= ..691 F(5,907) = 166. a = .0005 R = .477 
Variables b F(1,907) a. 
Log of 0; PW al 265. .0005 
Log of uy Bye | 413. -0005 
Log of DIST -.613 2436 .0005 
Log of AUTO -.471 yo esa | .0005 
Log of PCOST -.0615 L36 een 


Constant -1.73 
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ing the fact that there are few employment opportunities in these zones. 


2s Maltipve Ro =..569 .FC3,266) = 42.5 \o='"0005 R° = .324 


Variables b F(1,266) a 
0; . 00552 54.4 .0005 
Ds -00539 L252 -0005 
DIST -.0547 J2e7 -0005 


Constant 1.86 


Distance is inversely and highly significantly related to 
work trips made to these zones. It explains as much variation as 0, 
and D, combined. Also, when distance is included in the model, D, 


increases in its level of significance. 


yp 
Bi Multiple R =.,532 .F(3,266) = 35.0 «= 0005. R = .2838 


Variables b F(1,266) a 
0; .00558 5263 0005 
D, 00614 14.7 0005 

W TTIME -.200 p3E3 0005 


Constant 1.87 


Although weighted travel time is also inversely and signifi- 
cantly related to work trips ending in these zones, the use of distance 


as a measure of spatial separation gives a better model. 
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G. _* Multiples RS peo av (4,206), = 33.0) .= .0005s » RO = .. 332 


yariables b awe: PGb3265)" ae Abe geil 
0, OOSrz iret: 0005 
D, .00568 1 0005 
DIST -.050 a aa 0005 
AUTO -6.53 3136 05 


Constant 3.60 


Automobile ownership ratio at origin is slightly significantly 
related to work trips to this destination. However, it has an unexpected 
relationship with tripmaking. As suggested with regard to other industrial 
zones, its inverse relationship with tripmaking may be capturing a'peripheral 


. Wt 
location) factor. 


2 
Sse Multi lie sR. 3057 he BGS, 264), 26.3.4 5 0005. aR, 6 =r 4333 


Variables b F(1,264) a 
0; 00573 5.2.86 0005 
D; 00629 4.79 0005 
DIST -.0499 52 «lL 0005 
AUTO -6.46 3.26 10 
PCOST -.00231 064 NOT SIG 


Constant 3.59 
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Parking cost at destination is not significantly related to 
work tripmaking to these zones. It is therefore excluded from sub- 


sequent runs. 


2 


6. Multiple R = .632 F(5,264) = 35.1 a = .0005 R* = .399 
Variables b F(1,264) a 
0, .00490 44.8 .0005 
D, .00494 1149 .005 
DIST ~.0464 49.5 .0005 
- AUTO 25.61 ee 10 
CHOICE MSPLIT 6.25 29.4 .0005 


CONSEANC Sebo 


The proportion of automobile captives in a zone is the measure 
of accessibility that is not highly significantly related to work trip- 
making to these zones (Appendix VI (d), Run 2). Although total modal 
split and choice modal split are equally significantly related to trip- 
making, total modal split contributes in explaining less variation 
(Appendix V (d), Run 1). Choice modal split is therefore the measure 
of accessibility that is most significantly related to work tripmaking 


to these zones. 
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Vs Multiple (R= 045  FC6,265) ="31.2, a = 30005 R = ..416 


Variables b ; £GE,263) : me} 
0; 00524 50.9 .0005 
D, 00516 12.5 .0005 
DIST ~.0460 49.9 0005 
AUTO -6.75 3.99 05 

CHOICE MSPLIT 6.03 | 27.9 0005 

LOW RES 2.63 a8. | 01 


Constant.) eat 


The proportion of residential land with low density housing 
and medium density housing are fairly significantly related to work 
trips ending in the north east industrial zones, but the model presented 
above is the better model while the proportion of residential land with 
high density housing is only slightly significant with a level of .25 
(Appendix VI (d), Runs 23 and 4). 

Table 8 indicates that the models obtained from the logarithmic 
transformations of the variables are slightly stronger than the linear 
models. In the logarithmic form the significance level of 3 is increased 
while that of automobile ownership is reduced. Parking cost remains 
insignificant. 

As in the other industrial zones, the model obtained from O;> 
af and DIST is the most meaningful since these are the major explanatory 
variables related to work tripmaking to the North east industrial zones. 


After these, automobile ownerhip ratio at origin zone, choice modal split 
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TABLE 8 


NORTH EAST INDUSTRIAL ZONES (LOG TRANSFORMATIONS) 


Multiple R= 2492 F(2,267). = 27.3 .a = .0005 R? = .170 


Variables b EG..267) a 
ee Leh .298 40.7 .0005 
Log of ue ye |W 14.6 0005 


Constant) 4.50 


Multiple R= .635 F(3,266) = 59.8 a = .0005 Ro =) 403 

Variables b F(1.206) a 
Log of 0; .378 87.0 0005 
Log of D 434 2802 .9005 
Log sof DEST -.643 103.7 .0005 
Constant -.623 

2 
MuitiplesR = <575 ~F(3,266) = 43.8 o = 0005 sRe i= 233) 

Variables b F(1,266) a 
Log of 0, nee el 74.5 -0005 
Log’ ‘of -D. -478 29.8 0005 

J 
Log of W TTIME -.722 64.0 .0005 


Constant -.942 
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TABLE 8 - Continued 


4. Multiple R= .635 F(4,265) = 44.7 a = .0005 R? = .403 


Variables b F(1,265) a 
Log of 0, 2371 85.9 .0005 
Log of y 433 24] Sy -0005 
Log of DIST -.644 88.8 0005 
Log of AUTO -00883 SOOM NOT SIG. 
Constant -.616 


HOT Muibtiple > R= 1635. FES 264)) = 35.6 Sar= 0005 Ro = .403 


Variables b F(1,264) a 
Log of 0; ey /7 S524 -0005 
Log of 0 415 2.48 4 
Log of DIST -.644 88.4 0005 
Log of AUTO 00782 001 NOT SIG. 
Log of PCOST 0157 006 NOT SIG. 


Constant -.600 
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and the proportion of residential land with low density housing each 
improves the model slightly. Logarithmic transformation of the variables 


increases the amount of variation explained by the models. 


6.6 COMPARISON OF MODELS OBTAINED. FOR THE CENTRAL BUSINESS DISTRICT 
WITH MODELS OBTAINED FOR THE INDUSTRIAL ZONES 

A general survey of the models presented seems to indicate that 
although the CBD and each of the industrial zones receive work trips 
from all over the city, the effect of any of the measures of spatial 
separation, namely, distance or weighted travel time, is more significantly 
related to work trips made to the industrial zones. Whereas distance or 
weighted travel time only slightly improve the level of explanation of 
work trips to the CBD, these variables contribute highly and significantly 
to the explanation of work trips to the industrial zones. It is necessary 
to explore possible ecuiees of this apparently anomalous situation. 

In the fitting of the models, it has been noted that either 
distance or travel time along with 0, and Dy results in a model that best 
reflects the spatial pattern of work trip attraction to any of the industrial 
zones. This relationship remains stable in all the industrial zones and 
the inclusion of other variables in the model only improve them slightly. 
In the CBD where 0; and Pe are the major explanatory variables, it would 
appear that 0, captures the effect of distance which is probably forced 
to contribute mainly as an important modifier for peripheral zones. It 
has already been noted that although all major destinations in the city 
receive work trips from all parts of the city, the work trip attracting 
ability of the other major employment centers is secondary to that of the 


CBD which attracts the highest number of workers from most zones in the 
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city. It is this major difference between their pattern and intensity 
of work trip attraction that is responsible for the manner in which the 
measures of spatial separation relate to work tripmaking to these centers 
in the models. 
It is also interesting to note that the proportion of low 
density residential land is significantly related to work trips to the 
industrial zones due to their surburban location while the proportion of 
medium density residential land is important in the CBD. It is therefore 
Suggested that the relative importance of the different modes of transporta- 
tion, differences in income, sex and age composition of the labour force 
for the CBD and for the industrial zones be investigated in order to find 
out if they also differ significantly with respect to these characteristics. 
Closer examination of the models obtained for each of the 
industrial zones indicates a general similarity in the major factors 
underlying journey to work patterns to the industrial zones in the city. 


All work trips made to industrial zones are therefore modelled together. 


6.7 ALL INDUSTRIAL ZONES 

Table 9 presents the results of the regressions obtained when 
the three industrial zones are considered together. 0, and Bs are 
important explanatory variables but the inclusion of distance or weighted 
travel time still improve the model considerably. Although both measures 
of spatial separation are significant in separate industrial zones when 
all are considered together, distance always gives a stronger model. This 
indicates that workers in these industrial zones view spatial separation 
more in terms of distance than of travel time. 


Automobile ownership is only slightly significantly related to 
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TABLE 9 


ALL INDUSTRIAL ZONES (LINEAR) 


Multiple R= .547 ¥F(2,2039) = 435. a = .0005 R? =\ 4299 


Variables b F(1,2039) a 
0; -00704 356. 0005 
Ns .00596 Bion .0005 


Constant -1.92 


Multiple R= .665 F(3,2038) = 539. a = .0005 Ro = .443 
Variables b F(1,2038) a 
0; -00761 D220 -0005 
D -00612 730% .0005 
DIST -.0642 524. -0005 
Constant 1.45 
2 


Multiple R= .658 F(3,2038) = 518. a= .0005 R = .433 


Variables b F(1, 2038) Oo 

O. 00765 518, 0005 
si 

D. .00660 853% -0005 
J 

W TTIME -.244 481. .0005 


— 0 OOO 


Constant 2:53 
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TABLE 9 - Continued 


4. Multiple R= .666 F(4,2037) = 405. a = .0005 Ro = .443 
Variables b RCT. 2037) a. 
0; -00767 5-6 « -0005 
Ds .00612 Zou .0005 
DIST -—.0642 525 .0005 
AUTO -1.62 1.86 Pde 

Conmeeeinjer kV) 

5. ‘Mubtiple R = .666 F(5,2036)021324. o = .0005 R- = .443 
Variables b F(1,2036) a 
0; .00767 516: -0005 
Ds -00613 {Sas .0005 
DIST -.0642 525 .0005 
AUTO -1.62 1.36 o25 
PCOST -.00083 APASS NOT SIG. 


Constant, 22.05 


2 
6. Multiple R= .667 F(4,2037) = 409. a = .0005 R = .445 


a ag ae ap a AR SS 


Variables b £12037) a 


0 -00756 518. -0005 


TABLE 9 - Continued 


Dd, -00605 730. 
DIST ~.0634 oy 
CHOICE MSPLIT 1.20 10.6 


Consicante el. 4 


7. MWoaltiple R= .666 F(4,2037) = 407. a= .0005 Ro = .444 
Variables b BC1. 2037) 
0; -00762 S25 
We -00615 134, 
DIST -.0649 432. 
TOTAL MSPLIT -.806 5.285 
ConStantae lez 
2 


8. Multiple R= 6.80 F(4,2037) = 437. a= .0005 R = .462 


Variables b E(132037) 
0, -00824 603. 
i 
ee 00590 7A 
DIST -.0616 495. 
AUTOCAP MSPLIT 15.0 72.6 


ee 


Constant .928 
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TABLE 9 — Continued 


2 


Multiple. R,=.688 ECS, 2036), =, 336. a= .0005 Ri“ =...474 
Variables b F(1,2036) 
0; -00836 632. 
D, .00595 746. 
DIST -.0636 534. 
LOW RES D 5X8 46.4 
AUTOCAP MSPLIT WAS OV 2 
Constant -1.27 
Multiple R= .687 F(5,2036) = .364 a = .9005 Ro = .472 
Variables b F(1,2036) 
0; .00834 628. 
Ds -00594 Wa2e 
DIST -.0634 528. 
MED RES —-2.64 39.9 
AUTOCAP MSPLIT 1A 5 7 70.9 


Constant’ 1.29 
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TABLE 9 - Continued 


ll. Multiple R= 


Variables 


0, 
i 


D: 

J 

DIST 
HIGH RES 


AUTOCAP MSPLIT 


Constant. 2 07/ 


SOG) Et s52090) "=" 300. 
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work trips in all the industrial zones and it does not improve the model 
considerably. It has an unexpected inverse relationship to tripmaking 
in the industrial zones and is rather unstable in its relationship with 
tripmaking to separate industrial centers. 

Parking cost at destination is not significant. This is 
consistent with the situation observed in the south east and north east 
industrial zones. Even though it appears slightly significant in the 
North west industrial zone it does not improve the model considerably. 

The proportion of automobile captives in a zone is the best 
measure of transit accessibility. This is similar to the case in the 
north west and south east industrial zones. This may be reflecting the 
fact that these industrial zones are located in the surburbs and receive 
work trips from these surburbs where the proportion of workers who are 
automobile captives is greatest in the city. Choice modal split and 
total modal split are only slightly significant when all the industrial 
zones are considered together but in the north east industrial zone choice 
modal split is the best measure of transit accessibility. 

All the land use density variables are significantly related 
to work trips made to all the industrial zones. The strong correlation 
between the proportion of residential land with low density and with 
medium density housing (r = -.95) and the fact that they have opposite 
signs in the models indicate that they are doing essentially the same 
thing. However, the model with the proportion of residential land with 
low density housing explains a higher amount of variation than the others. 

‘Log transformation of the variables improves the models (Table 
10). As in the linear form, O.> a and distance are the major explanatory 
variables and other variables only improve the model very slightly. 
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TABLE 10 


ALL INDUSTRIAL ZONES MODELS (LOG TRANSFORMATIONS) 


Multiple R= .524 ¥F(2,2039) = 385. «a = .0005 R? = .274 


Variables b F(1,2039) a 
Log of 0; 396 350% -0005 
Log of ue 033 (eg fa a 0005 


Constant -2.23 


Multiple R= .669 F(3,2038) = 551. a= .0005 R = .448 


Variables b F(1,2039) 1 
Log of 0; 405 601. .0005 
Log of oe 676 JUS: 0005 
Log of DIST -.638 642. .0005 
Constant -1.40 
Multiple R = .650 F(3,2038) = 498. a = .0005 Ro = .423 

Variables b F(1,2038) Oo 
Leg ot 0. .453 574. .0005 

i 
Log of 2; seo Fister -0005 
Log of W TTIME -.741 J20's .0005 


Constant -1.74 
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TABLE 10 - Continued 


2 


A. MuLcipte R= .».070. FC4$2037) = 414: G@ = 20005 R = 3449 
Variables b PCr S2037) a, 
Log of 0; 2459 ew ioe 0005 
Log of "7 677 704. .0005 
Log of DIST -.638 643. 0005 
Log of AUTO -.0956 ee 725 
Constant -1.46 
Sy, Muiltiple R= .672 F(532036) = 335. a= .0005 R- = .451 
Variables b F(1,2036) a 
Log of O 466 583 0005 
Log of uF 698 703 0005 
Log of DIST -.642 652 0005 
Log of AUTO -.099 i Heaps to 2D 
Log of PCOST -.0756 10.2 005 


Constant -1.38 
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TABLE 10 - Continued 


2 


G62 *Multiple- R = .671 ¥F(4,2037) = 418. a = .0005 R = .451 
Variables b r(l,2037) a. 
Log of 0, 454 607. -0005 
Log of “e -698 702. .0005 
Log of DIST -.642 65%. .0005 
Log of PCOST St0751 1002 .005 


Gonstant’ F-14531 
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the logarithmic form while parking cost which is not significant in the 
linear form becomes significant at an a level of .005 in the logarithmic 


form. 


6.8 COMBINATION OF THE FOUR EMPLOYMENT CENTERS 

Table 11 presents the results of the models obtained when the 
four employment centers, namely, the Central Business District, the South 
east, North west and North east industrial zones are considered together. 
0; and D: are the major explanatory variables and either distance or 
weighted travel time equally improve the model slightly. However these 
measures of spatial separation are not as significant when all work 
trips in the city are considered as they are when separate industrial 
zones, or all the industrial zones are considered. 

Automobile ownership ratio at origin is only slightly signif- 
icant (a = .10) and it does not improve the model considerably. Parking 
cost at destination is not even significant when all work trips in the 
city are considered. 

The measures of transit accessibility are not important in 
explaining work trips in the whole city. Choice modal split is signif- 
icant at the low a level of .25, total modal split is not significant, 
and although the proportion of automobile captives in a zone is signif- 
icant at a high a level of .05 it does not improve the model. 

All the land use density variables fail to be significantly 
related to work trips when these four centers are considered together 
although at least one of them is important when separate employment 


centers are considered. 


Table 12 indicates that the logarithmic transformation of the 
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TABLE 11 


COMBINATION OF THE FOUR EMPLOYMENT CENTERS (LINEAR) 


2 


Multiple R= .781 F(2,3084) = 2049. a= .0005 R* = .610 
Variables b F(1, 3084) a 
0; 0222 1185. .0005 
ue -00647 3980. -0005 


Constant -8.40 


Multiple R= .793 F(3,3083) = 1738. a =.0005 Ro = .628 
Variables b F(1,3083) a 
0. .0216 1294. .0005 
_ .00621 3624. .0005 
DIST -.0699 156. .0005 


Constant -4.55 


Z 
Multiple R= .792 F(3,3083) = 1733. q = -0005 R = .628 


Variables b F(1, 3083) a 

0, 0217 1300. -0005 

wt .00670 6323; 0005 
W TTIME =—,292 150. 0005 


Constant -4.52 
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TABLE 11 - Continued 


oe Maortiplte R= 2793) £6433082) = 1305s a = 70005 R? = .629 
Variables b F(1,3082) a 
0; 0214 n259 0005 
ah -00620 S671: -0005 
DIST -.0703 £573 0005 
AUTO 4.06 2.80 .10 

Constant -5.83 

a. Multiple -Ri= 2/93) F(5;3081) = 1044. “a;= 0005 R = .629 
Variables b F(1,3081) a. 
0, -0215 E244. .0005 
2 .00620 1788. .0005 
DIST -.0703 LS is .0005 
AUTO 4.06 2.80 £16 
PCOST .00003 .002 NOT *SIG. 


Constant -5.83 
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‘TABLE 11 - Continued 


2 


Gee Mattiole. R-= 5/93. FC; 3081) = 1045.  « =.30005 Re] .629 
Variables b F(1,3081) 
0; 5 OPALSS P2613 
iF .00626 SYARVAR 
DIST -.0709 Beye 
AUTO 4.08 DOS 
CHOICE MSPLIT -.714 AO, 


Constant -5./79 


Ze Multiple R= .793° F(5,3081) = 1044. a = 0005 R = .629 
Variables b F(1,3081) 
0; OAS) tse 
a .00622 2891. 
DIST -.0706 156i, 
AUTO 3.9L 2k 
TOTAL MSPLIT -.0709 “it 56 


Constant -5./77 
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TABLE 11 - Continued 
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S. ~Multiple R= .793 F(5;53081):= 1046. a= .0005 R' = .629 
Variables b F.1.,3081) 
0; .0218 1196. 
D, .00620 3674. 
DIST -.0698 1553 
AUTO Bo Jal 2.34 
AUTOCAP MSPLIT 5.64 3.98 
Constant -5.96 
J. Multiple R= .793 F(6,3080)"= 87k. <a =4.0005 R? = 3629 
Variables b F(1,3080) 
0; -0218 1190. 
Le -00620 3670. 
DIST -.0703 1523 
AUTO 3.43 1.89 
LOW RES 0S 250 
AUTOCAP MSPLIT SE OL 3.94 


Constant -6.16 
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TABLE 11 - Continued 


10. Multiple R= .793 F(6,3080) = 871. a = .0005 Rr? = .629 
Variables b F(1, 3080) a 
0; .0218 1189; .0005 
D, -00620 3620. .0005 
DIST -.0702 nis -0005 
AUTO 3.42 L265 Bas 
MED RES -.350 -188 NOT SIG. 
AUTOCAP MSPLIT 5562 3.96 0D 
Constant -5.80 
lt. Muttipte KR = .793 .F(6,3080)"= 871. a = 2.0005 Ro = .629 
Variables b F(1,3080) Oo. 
0, -0218 1196. -0005 
BD: -00620 S072. .0005 
5) 
DIST -.0702 1S Ae .0005 
AUTO 3481 245 25 
HIGH RES -1.93 292 NOT SIG. 
AUTOCAP MSPLIT Se, 3.88 105 


Constant -5.94 


aN ion ta my 
gd... 5 a iL ad t 


134 


TABLE 12 


COMBINATION OF THE FOUR EMPLOYMENT CENTERS (LOG TRANSFORMATIONS) 


tr. Multiple R= ./91 FG¢Z,3084) = 2545. o = .0005 Ro = .623 
Variables b F(1,3084) a. 
Log of 0, iE 1347. .0005 
Log of Ds 840 4210. .0005 
Constant -3.18 
2 Mubtiple R= 2825" F(3,3083) = 2191. a = .0005 Ro = .681 
Variables b F(1, 3083) Qa 
Log of 0, eye > ifs 1802. .0005 
Log of “8 .780 4417. 0005 
Log of DIST -.491 560. 0005 
Constant -2.34 
2, 
3. Multiple R = :818 §FC3,3083) = 2075. a= .0005" K = .669 
Variables b F(1,3083) O. 
Log of O, 604 1760. .0005 
= 
Log of D, -898 D203 .0005 
4 
Log of W TTIME -.562 429. .0005 
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TABLE 12 - Continued 


2 


“ot Moltipie-tRe=07825t. F(4y3082) 1=01647..e.ae= 20005". R t= 9682 
Variables b F(1, 3082) O. 
Log of 0; 588 1639. .0005 
Losro£ = 799 4410. -0005 
Log of DIST -.496 567% .0005 
Log of AUTO -148 Neo it 025 
Constant -2.24 
5. Multiple R= .825 F(5,3081) = 1318. a = .0005 R = .681 
Variables b F(1, 3081) a 
Log of 0; -588 1641. 0005 
Log of bee 812 ZaSVE 0005 
Log of DIST -.498 568. .0065 
Log of AUTO F149 DPOL 025 
Log of PCOST -.0196 1.39 P25 


Constant -2.23 
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variables improve the models, and increases the level of significants of 
automobile ownership ratio and parking cost at destination but they do 


not increase the amount of variation explained by the models considerably. 


6.9 COMBINATION OF THE FOUR EMPLOYMENT CENTERS WITH EACH DESTINATION 
AREA SPECIFIED 

All work trips to the four employment centers considered together, 
first with two dummy variables indicating whether a work trip was destined 
to the Central Business District or to any of the three industrial zones. 
The results of the regressions obtained in this approach which are shown 
in Appendix VI (e) seems to indicate that locational factors are not 
important in explaining work tripmaking in the city. However, the models 
obtained are similar to those presented in Table 13 in which four dummy 
variables indicating whether a work trip was destined to the Central 
Business District, South east industrial zones, North west industrial 
zones or North east industrial zones are used. 

The dummy variables are not significant in most Has es and 
they do not improve on the models obtained in the previous section. In 
fact the level of explanation of the models remains exactly the same as 
their equivalents for work tripmaking in Table 11. It is interesting 
to note that the low level of significance may not necessarily indicate 
that the variables are not important in explaining some amount of 
variation. 0.5 Ds and distance remain the major explanatory variables 
while automobile ownerhip ratio, measures of transit accessibility and 
land use density variables all fail to improve the models. In the 
logarithmic form (Table 14), the amount of variation explained remained 


basically the same as in their equivalents in Table 12. 
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COMBINATION OF THE 
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Variables 


Constant -8.21 


Multiple R 
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Variables 


Constant.) —).57 
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TABLE 13 
FOUR EMPLOYMENT CENTERS WITH EACH DESTINATION AREA 


SPECIFIED (LINEAR) 


2 


781 ~F(5,3081)-= 963. a = 1.0005 R= .610 
b F(1, 3081) a. 
0202 1185. 0005 
00642 1318". -0005 
-.207 woe NOT SiG. 
=.204 e220 NOT SIG. 
oO, 023 NOT SIG. 
.793 F(6,3080) = 870. a = .0005 R? = .629 
b F(1,3080) a 
20216 1294. .0005 
00645 1397. .0005 
-.0720 159. .0005 
~920 2.80 ake) 
3969 3.37 «LO 
apUD 1.08 NOT SIG. 
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TABLE 13 - Continued 


3. Multiple R = .792 


Variables 


Constant -4.01 


4. Multiple R= .793 


Variables 


AUTO 


Constant -6.66 


F(6,3080) = 866. 


¥(7,3079) = 747. 
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d= -6005 Ro = 1623 
F(1, 3080) rt 
1300. .0005 
1438. .0005 
150. .0005 
923 NOT SIG. 
1732 NOT SIG. 
491 NOT SIG. 
a = .0005 R° = .629 
F(1,3079) a 
1239. .0005 
1398. .0005 
160. .0005 
2.81 .10 
2.85 10 
3.39 .10 
£16 NOT *SrG. 
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TABLE 13 - Continued 


5. Multiple R= .793 F(8,3078) = 653. a= .0005 R” = .629 

Variables b F(1,3078) oO, 
0, 0214 1238. .0005 
D, .00640 1172. .0005 
DIST ~.0724 160. .0005 
AUTO 4.03 2.7 10 
PCOST 00057 vine NOT SIG. 
D1 1.00 3.19 10 
p2 1.10 3.84 05 
D3 825 re Tek 125 

Constant -6.78 

AULT ECE anno pomee Finan nti Ae Yay Pavan tacks. Dea ryitried eh NRT 

Variables b F(1,3079) a. 
0, 0216 1295. .0005 
D. 00646 1396. .0005 
j 
DIST ~.0723 160. .0005 

CHOICE MSPLIT ~.520 856 NOT SIG. 
D1 821 2.15 25 
D2 865 2.57 25 
D3 -.520 katt NOT SIG. 


NN 


Constant -5.24 
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“TABLE 13 - Continued 


7. Multiple R= .793 F(7,3079) = 745. a = .0005 R? = .629 


Variables b F(1,3079) a 
0; .0216 1293. .0005 
Me .00646 1362. .0005 
DIST -.0722 158. .0065 
TOTAL MSPLIT ~ 0578 LOS NOT SIG. 
D1 892 2250 nS 
D2 .939 B50/ .10 
D3 -676 a7 0 NOT SIG. 


Constant -5.33 


&. Multiple R = .793° FC7,3079) = 747. a= .0005 Ro = .629 

Variables b F(1, 3079) Oo 
0; -0219 P2525 -0005 
D. .00643 1388. .0005 
J 
DIST -.0715 156. .0005 

AUTOCAP MSPLIT 5207 4.02 205 
D1 .877 2.54 Pe 
D2 899 | 2.89 xpi 
D3 +637 Sih) NOT SIG. 


Constant -5.55 
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TABLE 13 - Continued 


14 


ve oturtipie k= 795 FCS /s0/5) ="654. a = S000 RY = 2630 

Variables b F(1, 3078) of 
0; -0219 1253. .0005 
Dy -00644 1389. .0005 
DIST -.0724 ¥55. .0005 

AUTOCAP MSPLIT B fg i 3.89 205 
LOW RES 638 2642 NOT SIG. 
D1 891 202 OP; 
D2 941 2.99 {10 
D3 636 7075 NOT SIG. 


Constant -6.07 


10. Multiple R= .793 F(8,3078) = 654. a = .0005 R = .630 


Variables b FE VGi33078) a 
0; .0219 1253. .0005 
By 00644 1388. .0005 
DIST -.0724 Looe .0005 
AUTOCAP MSPLIT bias) 30 1 05 
MED RES -.689 .784 NOT SIG. 
D1 .889 2.61 725 
D2 .913 2.98 alO 
D3 - 636 872 NOT SIG. 
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Constant -5.44 
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TABLE 13 - Continued 


11. Multiple R =~./93-—F(8.,,3078)-="653..—-a*=".0005 R= .629 

Variables b F(1,3078) 7 
0; .0219 L2516 .0005 
D, 00644 1388. .0005 
DIST -.0/719 154, .0005 

AUTOCAP MSPLIT Syrad§ 3.94 ofl ON 
HIGH RES -1.72 233 NOT SIG. 
D1 . 884 Doe “22 
D2 .907 2.94 a10 
D3e: : #639 +879 NOT SIG. 


Constant -5.52 
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TABLE 14 


COMBINATION OF THE FOUR EMPLOYMENT CENTERS WITH EACH DESTINATION AREA 


1. Multiple R 


Variables 
Log of 0; 
Lozeor Do 

: | 
DL 
D2 


D3 


Constant 


2. Multiple R 


Variables 


Log of 05 
Log*or D> 

= J 
Log of DIST 


D1 


D3 


Constant 


SPECIFIED (LOG TRANSFORMATIONS) 


2 


mig A D2—-B( 553081) =--1037..--0-=-.0005.-R--=-.627 
b F(1,3081) a 
-558 1363. .0005 
Ay ie: 9567 0005 
al Noy 32.8 -0005 
—,113 26.7 -0005 
-.0887 8.70 -005 
—Zeng 
= .826 F(6,3080) = 1099. a = .0005 R = .682 
b F(1,3080) a 
-J96 1798. -0005 
aH AS aH kes 6 .0005 
-.483 526. .0005 
-.0625 8.42 .005 
= e0s92 3.67 - 10 
-.0509 3.34 -10 
-2.18 
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TABLE 14 - Continued 


Se Mubtipte KR = 2322 FCGs39080) = 1057. “a™=>-0005 R? =.673 


Variables b F(1L 23080) ... a. 
Log of 0; - 604 L781: .0005 
Log of D, 2790 £2203 .0005 
Log of W TTIME -.562 433: .0005 
D1 -.135 38.9 .0005 
D2 -.108 28.0 .0005 
D3 -.100 1225 .0005 


Constant -2.40 


2 


4. Multiple R = .826 F(7,3079) = 944. a= .0005 R = .682 

Variables b F(1,30679) a. 
Log of 0; -588 1637. -0005 
Log of D, Paihe vs E13. .0005 
Log of DIST -.488 Sao .0005 
Log of AUTO -146 5.63 025 
D1 -.062 8.30 005 
D2 -.039 3.64 10 
D3 -.050 See! 10 


Constant -2.08 
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TABLE 14 - Continued 


em 


5. Multiple” R = .826 F(8,30/78) = 827. a = .0005 R = .682 

Variables b. F(1, 3078) a 
Log of 0; - 588 1639. .0005 
Log of ae . 764 1063. .0005 
Log of DIST -.488 534. -0005 
Log of AUTO 148 4.73 7025 
Log of PCOST -.0344 Dad yas) 
D1 -.0680 9.68 005 
D2 -.0602 6.00 025 
D3 -.0618 4.61 05 


Constant -2.04 
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The use of dummy variables indicating direct location fails to 
improve the models. This may be due to the fact that all major employment 
centers receive work trips from all parts of the city. Although the 
attracting ability of other major centers is secondary to that of the 
Central Business District, their work trip demand is much lower than that 
of the CBD with the result that direct locational factor is not important. 
It is therefore suggested that the effect of the quality of the location, 
which may be a more appropriate measure, should be investigated. 

This chapter has discussed the models obtained from the different 
aggregates of origin-destination pairs of work trips to the major 
employment centers in Edmonton. The manner in which the variables contribute 
Significantly to the statistical explanation of the observed pattern of 
work trips have been noted. The discussion of the results obtained from 


some of these models are presented in Chapter VII. 
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CHAPTER VII 


DISCUSSION OF RESULTS 


7.1 VERIFICATION OF THE MODELS 

In order to assess the reliability of the models PE i 
the analysis, the predicted number of work trips using some of the models 
obtained in the analysis is compared with the actual trips made. Figure 
19 is obtained by graphically plotting the observed values against the 
predicted values between Traffic Zones using the best linear model developed 
for the South east industrial zones. A good linear fit is not obtained, 
most trips are over-predicted and the correlation coefficient between 
observed and predicted values is only .67. Similar conditions are observed 
with regard to the North east industrial zones (r = .57) and the North west 
industrial zones (r = .35). This may be due to the predominance of small 
number of trips (in some cases oniy 1 or 2 trips) between origin-destination 
pairs of zones. In the Central Business District, the plotting of observed 
values against predicted values has a wide scatter, indicating that these 
models do not perform well when work trips between Traffic zones are compared. 

Most statistical models require that in order to obtain valid 
results a large number of observations should be used since this increases 
the confidence limits of the results. Aggregation of values obtained 
according to Traffic Districts gives a larger number to work with and is 
a better approach to comparing the observed and predicted values of work 
trips to the employment centers in the city. But there is a limit to the 
amount of improvement that can be obtained from aggregation. The Traffic 
District number is obtained by dropping the low order digit from the Traffic 
Zone number and the 234 Traffic Zones in the area of study result in 58 


Traffic Districts (Figure 20). 
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TRAFFIC DISTRICTS IN EDMONTON 


FIG. 20 
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eo CHOICE OF MODELS TESTED 

A systematic approach is used in selecting the models tested. 
This approach attempts to indicate how the reliability of the models 
change as more variables are introduced and increasing spatial definition 
is achieved. 

Since 0; and D. are important explanatory variables in all the 
employment centers, the models obtained from them are tested first 
(Model No. 1). Distance, which is a measure of spatial separation which 
contributes significantly to explaining work tripmaking, especially in 
the industrial zones. Therefore models tested next (Model No. 2) takes 
distance into consideration. The introduction of variables related to 
accessibility, land use density and socio-economic variables improved 
the models slightly, especially in the industrial zones, so the best 
linear models (Model No. 3 in each oral zone and Model No. 4 in 
the Central Business District) are also tested. 

Since the models developed from 0,5 Ds and DIST explain con- 
siderable variation and are only slightly improved by the introduction 
of more variables it is the most meaningful model and is further tested 
in different forms. The model developed from 0.5 D, and DIST when the 
three industrial zones are combined together is now applied to each 
industrial zone (Model No. 4). The model obtained from these same 
variables when the four employment centers in the city are combined is 
also applied to each center in order to assess its performance in differ- 
ent areas (Model No. 5). 


Finally, since logarithmic transformation of the variables 


increased the variation explained, the logarithm form of Model No. 1 
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(0,, Dy and Model No. 2 (0, ; Die DIST) are tested as Models 6 and 7 
respectively. 

The models are applied to work trips to each employment center, 
the resulting predicted values are aggregated according to Traffic Districts 
and are then compared with their observed equivalents. The results 


obtained from the testing of these models are presented in Appendix VII. 


7.3 GRAPHICAL COMPARISON OF OBSERVED AND PREDICTED VALUES 

As a means of testing the performance of the models, the 
observed values are plotted against the predicted values in each Traffic 
District using the results obtained from testing the models and the 
amount of scatter from the line along which predicted values are exactly 
equal to observed values is noted. Such a graphical comparison reveals 
the model that gives the best linear fit. 

Figures 21 - 27 present the plotting of the observed values 
against predicted values of work trips to the Central Business District 
using the results from models tested. Traffic districts generating 
less than 20 trips in the CBD not included in the piotting since the 
models predict them poorly. All the models give a good linear fit, and 
the correlation between observed and predicted values are consistently 
high (over .90 in all cases except in Figure 25 (Model No. 85) ).« In facts 
all the subsequent models (Figures 22 - 27) fail to improve significantly 
on the pattern of linear fit obtained from Model No. 1 (Figure 21), since 
0; and 2 are the major explanatory variables of work trips made to the 
Central Business District. Thus generation and attractiveness of the 


CBD explain work tripmaking to the district while the introduction of 
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other variables related to work tripmaking do not have any significant 


_impact. 

It is interesting to note that Model No. 5 obtained by combining 
the four employment centers works reasonably well in the Central Business 
District, Figure 25. This is explained by the fact that the CBD is the 
single largest attractor of work trips in the city. It is however sur- 
prising that the models obtained from the logarithmic transformation of 
the variables which performs better in the analysis, fail to be signif- 
icantly better than the linear models when used in this aggregated form 
for prediction (Figure 26 and Figure 27). There may not be any simple 
explanation for this. 

In terms of the total work trips to the Central Business District, 
these models perform almost equally well since the percentage of over 
prediction and under prediction is less than 10% in most cases. 

The general trend in tbe industrial zones is fairly comparable 
Since they have fairly similar characteristics. The results obtained for 
the South east industrial zones are presented in Figures 28 - 34 while 
those for the North west industrial zones and the North east industrial 
zones are shown in Appendix VIII. Traffic districts generating less than 
10 trips in these industrial zones are not considered inthe plotting since 
the models predict them poorly. 

Model No. 1 results in small volumes of trips being over-predicted 
while large volumes of trips are under-predicted, Figure 28. The zones in 
which trips are under-predicted are those nearest to the South east 
industrial zones. The same situation exists in the North west and the 
North east industrial zones, and results from the fact that these industrial 
zones receive the highest proportion of work trips originating in these 
zones immediately around them. When distance is taken into ccensideration 


in Model No. 2 a better linear fit is obtained (Figure 29), since the 
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_distance-decay effect observed in the spatial pattern of work trip 
attraction is now incorporated. 

Model No. 3 which is the best linear model slightly improves 
the linear fit between the observed and predicted values. Figure 30 
obtained from aggregation according to Traffic Districts is a considerable 
improvement on Figure 19 which was based on Traffic Zones indicating that 
the models perform better on the aggregated scale. The slight improvement 
from this model show that the variables melared to land use density and 
accessibility are capturing small effects on travel demand to these 
industrial zones which 0.5 p and DIST have not captured. 

Since these industrial zones have fairly similar characteristics, 
Model No. 4 developed from a combination of the three of them, performs 
reasonably well in the South east industrial zones (Figure 31) and the 
other industrial zones. However, unlike in the Central Business District, 
Model No. 5 performs very poorly in these industrial zones. Its poor 
performance in the South east industrial zone is depicted in Figure 32. 
This may be due to the relatively fewer number of work trips attracted to 
these industrial zones. 

The logarithmic transformation of the variables improve slightly 
on the result obtained from the linear form in the South east industrial 
zones (Figures 33 and 34) and also in the other industrial zones. It is 
rather strange that this situation is also observed in the North west 
industrial zones since the logarithmic transformation of the variables 
failed to increase the level of explanation in the original regression. 

In terms of total work trips to these industrial zones, the 
linear models perform better than the logarithmic models which grossly 


under-predict total tripmaking to the industrial zones. 
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- 7.4 DISTRIBUTION OF RESIDUALS BY TRAFFIC DISTRICTS 

In order to assess the pattern of distribution of the results 
from these models, the difference between observed and predicted values 
(i.e. residuals are calculated for Traffic District) are obtained. Then 
the percentage of under-prediction or over-prediction is mapped in order 
to investigate whether any spatial pattern exists in the prediction. The 
results obtained from the testing of Models 1 and 2 in the Central 
Business District and Model No. 3 in each industrial zone are used. 

Figure 35 shows that Model No. 1 tends to grossly under-predict 
work trips made from the Traffic Districts immediately around the Central 
Business District. Figure 36 shows that Model No. 2 removes the gross 
under-prediction in these areas but does not improve on the pattern of 
prediction in the other districts in the city Fee work trips to the CBD. 
Figure 37 shows that the Model Ne. 3 predicts exactly in only two Traffic 
Districts in the city but does not have any consistent trend of over or 
under-prediction in the rest of the city. Although there seems to be 
a core-periphery bias in the distribution of residuals for the industrial 
zones the trend is not highly emphasized. Figure 38 plots the spatial 
distribution of residuals from the best linear model for the North west 
industrial zones. Although there is the tendency for the model to under- 
predict in zones near this employment center and to over-predict in zones 
further away from it, this trend is not distinct. Figure 39 indicates 
that a similar situation is observed in the North east industrial zones. 

Therefore, there is no easily recognizable pattern in which 


these residuals are distributed. 
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FIG. 35 SPATIAL DISTRIBUTION OF OBSERVED VERSUS PREDICTED VALUES FOR 
THE CENTRAL BUSINESS DISTRICT USING MODEL NO. 1 
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FIG.37 SPATIAL DISTRIBUTION OF OBSERVED VERSUS PREDICTED VALUES FOR 
THE SOUTH EAST INDUSTRIAL ZONES USING MODEL NO, 3 
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NORTH WEST INDUSTRIAL ZONES USING MODEL NO. 3 
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FIG. 39 SPATIAL DISTRIBUTION OF OBSERVED VERSUS PREDICTED VALUES FOR 
THE NORTH EAST INDUSTRIAL ZONES USING MODEL NO. 3 
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GRE SUMMARY OF FINDINGS FROM THE RESULTS 

The testing of the models obtained in the analysis using 
Traffic zones by aggregating these values according to Traffic districts 
has revealed that these models are relatively stable since the observed 
trends are comparable. It has also been noted that there is a limit to 
the amount of improvement that can be obtained from aggregation. 

In the Central Business District the intensity of work trip 
generation (0,) and the attractive ability of the district are the major 
factors that determine the pattern of work trips made to the district 
since Model No. 1 performs well in predicting work trips to the district. 
The distance variable may have been indirectly incorporated in the 
generation factor, and the introduction of models incorporating measures 
of accessibility, land use density and socio-economic variables fail to 
improve the linear fit and the prediction obtained from model No. 1 
considerably. Even the logarithmic form of Model No. 1 fail to improve 
prediction. Model No. 5 performs well in the Central Business District 
since it is the major employment center in the city. 

In the industrial zones Model No. 2 is the most meaningful model 
and it predicts the trips to the traffic districts most reasonably. However, 
as in the analysis, the Model No. 3 incorporating measures of accessibility 
and land use density improves prediction slightly. The similarity of these 
zenes is still emphasized by the fact that Model No. 4 works well in all 
the industrial zones while Model No. 5 does not. As in the analysis, 


logarithmic form of the models perform slightly better in prediction. 


7.6 SUGGESTIONS FOR FURTHER WORK 


i The results obtained from testing these models indicate that they 
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perform better on the aggregated scale of Traffic Districts than on 
the smaller scale of Traffic Zones. The use of Traffic pieeeices 
results in larger numbers and reduces the fluctuation associated 
with smaller numbers or fewer trips some of which may have occured 
by chance. Following from this, it may be more advisable to do 
further work in this area using Traffic Districts instead of 
Traffic Zones. 

It is interesting to note that a meaningful pattern of the distribu- 
tion of the residuals is not obtained although there seems to be 

a core-periphery bias in the distribution of the residuals for 

the industrial zones. This seems to indicate that no further 
spatial pattern is evident from the variables used in this study. 
Perhaps they are not appropriate for emphasizing Bie spatial 
pattern of work trip distribution in the city. More investigation 
in this area is suggested in order to obtain more meaningful 


conclusions concerning this. 
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CHAPTER VIII 


CONCLUSIONS AND RECOMMENDATIONS 


The purpose of this thesis was to investigate the relationship 
between residential location and place of work in Edmonton. The major 
objectives of the study were to identify and attempt an explanation of 
spatial pattern of work trip distribution to major employment centers in 
the city and their respective work trip catchment areas and work trip 
lengths. Multiple Linear regression was used to identify the important 
factors underlying the observed pattern of work trip distribution. The 
investigation was carried out using the 1971 Origin-Destination data and 
Land Use data for the 234 Traffic Zones in the city obtained from the 


City of Edmonton, Transportation Planning Branch. 


8.1 FINDINGS AND CONCLUSIONS OF THE STUDY 

Despite the overwhelming complexities underlying human behaviour 
and the complex nature of urban spatial interaction, some interesting 
findings related to people's adaptation to city space and the resulting 
patterns of journey to work in Edmonton have been revealed. Although 
the distribution of employment centers is concentrated in space, while 
the intensity of work trip generation is fairly dispersed with varying 
densities within the city, there is a general trend underlying the 
observed pattern of work trip distribution in the city. 

The Central Business District receives the highest proportion 
of work trips generated by most Traffic Zones in the city since the demand 
for work trips is highest in the district. Consequently the work trip 
catchment area of the Central Business District approximates the residential 


location pattern for the city. This observation is comparable with situa- 
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_ tions existing in other urban areas. The large number and variety of 
workers demanded in the Central Business District for its governmental, 
institutional, commercial and other miscellaneous functions can only be 
Satisfied from the entire urban area. The results of the analysis indicate 
that the intensity of work trip generation in the city and the intensity 
of demand for work trips in the district are the major explanatory vari- 
ables related to work tripmaking to the district. 

Measures of spatial separation in the form of distance and 
travel time are significantly related to work tripmaking to the Central 
Business District but do not increase the amount of variation explained. 
This suggests that the generation pattern takes the measures of spatial 
separation into account indirectly. Since the Central Business District 
is well served by the transit system, distance is not a major deterrent 
to work tripmaking to the district since employees in the district find 
that they can get to work in time and without incurring undue travel 
costs, irrespective of where they live in the city. Therefore, other 
factors that may influence the residential location pattern of distribu- 
tion of employees in this district include housing preferences, neighbour- 
hood considerations and other economic and sociological factors. However, 
the influence of the generation intensity is so strong that the introduction 
of variables related to accessibility, land use density and socio-economic 
factors fail to enhance explenation. Therefore one major conclusion of 
this is that the distribution of work trips to the Central Business District 
is controlled largely by the work trip generation intensity of most zones. 

The work trip attracting ability of other employment centers in 
the city is secondary to that of the Central Business District because 


their work trip demands are not satisfied until after the demand in the 
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' Central Business District has been satisfied. There is also a strong 
relationship between a Traffic zone's proximity to any of the Petuet ial 
zones and more workers living in that zone getting employed in this nearest 
employment center. This indicates the tendency for workers to live near 
their place of work. Similar trend is observed in the University of 
Alberta. Consequently, the work trip catchment areas of these employment 
centers are found in their respective vicinity or in areas immediately 
around them. Attempts to develop models for the University of Alberta 
were unsuccessful. 

Although the distribution of commuters to the peripheral 
industrial zones demonstrates a more tightly clustered pattern around each 
destination, a strong distance-decay effect is evident. The results of 
the analysis show that the model which incorporates the generation and 
attraction factors as well as a measure of spatial separation represents 
more fully the observed pattern of work trip distribution to the industrial 
zones. This situation is so stable that one model which incorporates 
these variables has been developed, which performs well in each of the 
industrial zones. 

The introduction of variables related to accessibility, resi- 
dential land use density and measures of socio-economic characteristics 
of the Traffic Zones improve models for the industrial zones, slightly. 
This indicates that these variables incorporate some factors related to 
work trips to the industrial zones which the generation, attraction, and 
measures spatial separation fail capture. It is interesting to note that 
the proportion of low density residential land is positively related to 
work trips to the industrial zones but inversely related to work trip- 


making to the Central Business District. 
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The introduction of socio-economic variables in the form of 
parking cost at destination and automobile ownership ratio at origin 
failed to improve the models in all the employment centers. There exists 
some data on other socio-economic characteristics of the zones which 
could not be used because these were collected on the basis of census 
tracts which are not coincident with Traffic zones on Traffic Districts 
as used in this study. It is hoped that when geocoding of variables is 
fully implemented, this problem will be eliminated since it allows for 
any level of aggregation and for the use of comparable data bases. 

The logarithmic transformation of the variables improved the 
level of explanation in all the employment centers except the North west 
industrial zones. When used for prediction, these models improve the 
linear fit in the industrial zones but not in the Central Business District. 
Although they improved prediction for work trips when aggregated according 
to Traffic Districts in the industrial zones, they grossly under-predict 
total trips made to these destinations. This indicates that although the 
relationship between work tripmaking and the variables used in the analysis 
may not be a simple linear relationship, it is not clear whether the use 
of logarithm transformation of the variables is the best functional form. 

The testing of the models indicates that the models give a 
better linear fit when the results are aggregated according to Traffic 
Districts. This shows that these models seem to perform better on 
a larger scale than on smaller scale of Traffic zones. However, when the 
residuals are plotted on a map they do not indicate any easily recognizable 
patter in their variation. There is no readily available explanation 


for this since more investigation is needed in this area. 
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8.2 RECOMMENDATIONS FOR FURTHER RESEARCH. 

As a result of the conclusions obtained from this investigation, 
the following points are offered as recommendations for further studies. 

1 Due to the importance of generation (0) in all the models, especially 
in the Central Business District, an alternative approach to the 
problem of predicting residential location may be obtained by studying 
the activity pattern of the workers residing in a zone. This could 
be done by first identifying various recent mover groups, classifying 
them according to particular points of origin and destination and 
then studying the activity patterns of these recent mover groups. 

This would enable the hypothesis that different mover groups make 
different residential choice patterns, not necessarily controlled. 
by their employment locations, to be tested. 

es The measures of spatial separation seemed to have been indirectly 
taken into consideration by the generation factor, when work trips 
to the Central Business District are considered. Therefore, a 
study of housing preferences may reveal more factors related to work 
tripmaking to the district. Studies in housing preferences in North 
America indicate the tendency for majority of urban dwellers to move 
into single family houses in the metropolitan outer rings, regardless 
of their places of employment. Stegman (1969) has shown that neigh- 
bourhood considerations are more important to residential consideration 
than accessibility to the place of work. In fact, it has been shown 
that large numbers of suburban families do not have to trade off 
accessibility for location rent since they can have both. This is 
borne out by the strong distance-decay factor in work trips to the 


Edmonton industrial zones. 
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In Edmonton, the effect of owner occupied housing may be an 
important factor influencing residential location. Therefore, a 
survey of housing preferences is suggested since it may reveal 
more about factors such as location, neighbourhood considerations, 
price, space and time of move which explain why families decide on 
particular types of housing in the city. 

Since attempts to develop models for the University of Alberta 
were unsuccessful, it is suggested that further investigation using 
a different approach and possibly other variables should be carried 
out in order to determine factors underlying the pattern of work 
trip and student trip attraction to this important destination in 
the city. Z 
Differences have been observed between the spatial pattern of work 
trip attraction of the Central Business District on the one hand as 
well as in the land use density ere ee related to them and the 
industrial zones on the other. It is suggested that the relative 
importance of the different modes of transportation, differences 

in income, sex and age composition of the labour force for the 
Central Business District and for the industrial zones should be 
further investigated in order to find out if they also differ 
significantly with respect to these characteristics. 


Since the log transformations of the variables improved the varia- 


tion explained in the analysis and also improved the results obtained 
when the models are used for prediction, other forms of transformation 
should be investigated. There may not be a simple linear relationship 
between work tripmaking and the variables used in this study. 


Since the use of dummy variables indicating the location of each 
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employment center failed to enhance explanation, it is recommended 
that the approach should further be investigated using the quality 
of the location. This might be done by using the house sale value 
of a plot of land in each zone or any other appropriate measure. 
Since the results obtained from the testing of the models indicate 
that the models perform better on the aggregated scale using Traffic 
Districts than on the smaller scale using Traffic Zones, it is 
recommended that further work in this area should be done using 

Traf fie: Districts. 


Since a meaningful pattern of the distribution of residuals is not 


obtained, it is suggested that further investigation should be 


carried out in order to find out the possible reasons for this. ~~ 

A similar study using the 1976 origin-destination data should be 
conducted in order to assess the stability of the models obtained 

in this study over a period of time. There exists data on journey 

to work in Edmonton collected in the Federal Census of 1971. 

Although this data was obtained on a limited basis, a similar study 
using this data could be compared with the present study. Since 

this data exists for other metropolitan areas in Canada, the results 
from it can be compared for the different urban areas in Canada and 
with the interesting results of this study in order to assess whether 
the results obtained here are peculiar to Edmonton, or are representa- 


tive of the behaviour of urban dwellers in Canadian cities in general. 
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FORMAT OF TPSR:LANDUSE.1971 


WORD# TYPE 
1 
2 READ 
3 REAL 
4 REAL 
5: REAL 
6 REAL 
7 “SREAT 
8 MIREAT 
9 REAL 
10 REAL 
11 REAL 
V2). REAL 
TIE REAL 
14 REAL 
15° REAL 


DESCRIPTION 


INTEGER TRAFFIC ZONE NUMBER 


TOTAL CLASSIFIED LAND IN ACRES IN THIS ZONE 

LOW RESIDENTIAL LAND IN ACRES IN THIS ZONE 

MEDIUM RESIDENTIAL LAND IN ACRES IN THIS ZONE 

HIGH RESIDENTIAL LAND IN ACRES IN THIS ZONE 

SHOPPING CENTRE LAND IN ACRES IN THIS ZONE 

STRIP DEVELOPMENT LAND IN ACRES IN THIS ZONE 

CENTRAL AREA OFFICE LAND IN ACRES IN THIS ZONE 
HIGHWAY STRIP DEVELOPMENT LAND IN ACRES IN THIS ZONE 
GOVERNMENT-INSTITUTIONAL LAND IN ACRES IN THIS ZONE 
UNIVERSTTY-COLLEGE LAND IN ACRES IN THIS ZONE 

TOTAL INDUSTRIAL LAND IN ACRES IN THIS ZONE 
RECREATIONAL-AGRICULTURAL LAND IN ACRES IN THIS ZONE 
OTHER CLASSIFIED LAND LAND IN ACRES IN THIS ZONE 
VACANT URBAN LAND LAND IN ACRES IN THIS ZONE 


THIS COULD BE READ IN FORTRAN AS FOLLOWS: 


INTEGER ZONE 
REAL ACRES(14) 


READ (1,100) ZONE, ACRES 
100 FORMAT(15A4) 


END 


THERE ARE 234 RECORDS CORRESPONDING TO THE SAME 234 ZONES 


REFERENCED IN PREVIOUS DATA. 
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AGGREGATION OF ZONING CLASSIFICATIONS 


LOW DENSITY RESIDENTIAL 


MEDIUM DENSITY RESIDENTIAL 


HIGH DENSITY RESIDENTIAL 


COMMERCIAL SHOPPING CENTRE 
COMMERCIAL STRIP DEVELOPMENT 
COMMERCIAL HIGHWAY STRIP DEVELOPMENT 
CENTRAL AREA OFFICE/COMMERCIAL 
GOVERNMENT-INS ITITUTIONAL 

UNIVERS ITY-COLLEGE 

TOTAL INDUSTRIAL 
RECREATIONAL-AGRICULTURAL 


VACANT URBAN LAND 


OTHER CLASSIFIED LAND 


TOTAL CLASSIFIED LAND 


RIN TRCLS R2 


R2A, R3, R4, P3 
SOME R3A, SOME R5 


HIGH-RISE WITH ELAVATOR 
R6, R7 

SOME R3A, SOME R5 

C2 

Gir, C2ZA; €3, SOME CS 

CTY x685-C9 

C4, C6, SOME C5, CC 

Pl, P2, MA 

HIGHER EDUCATION FACILITIES 
Ml, M2, M3 

AR AG 

LAND WHICH HAS BEEN ZONED 
FOR DEVELOPMENT BUT AS 
YET IS UNDEVELOPED 

ALL OTHER LAND EXCEPT 
ROADWAY AND UTILITY 
RIGHTS—OF-WAY 


TOTAL OF ALL CLASSIFIED 
LAND IN EACH ZONE 
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THE CITY OF EDMONTON — PLANNING DEPARTMENT 
GENERAL SUMMARY OF LAND USE DISTRICTS 


The following descriotions provida general information on the various zones or classirications which the city applies to guide 
and regulate the use of fand, These condensed descriptions are for general information only and the Zoning Bylaw (Bylaw - 
21353) and the Land Use Classification Guide (map and schedule of permitted uses and regulations) must be referred to for 
SDSCITIC INGuiries. 


A — METROPOLITAN RECREATION DISTRICT — This zane is generally applied to land which is used or oroposed to be 
used as public parkland. The river valley and ravine system is included as is certain landscaped: buiter areas flanking major 
er2rial roads. Recreational and municipal uses are common tyses of deveiopment located in such areas. ; 

AP — PUBLIC PARKS DISTRICT — This zone is generally applied to neighbourhood parkland areas. Land is aften located in 
such a manner that use is mainly oy local neighbourhood residents rather than City wid2. Community leagues, playgrounds, 
and other municipal uses are common types of development. 

AS, AR, RRA, RRB, RAC - RESIDENTIAL DISTRICT — These zones are all basically single family dwetling areas which 
2 more restrictive in terms of site area, and building location than the norma! single family zone. Small. acreages and. 
ouniry estates which are located within the City boundaries are included as well as ravine and view lots. 


oO mm 


“R-1 — RESIDENTIAL DISTRICT — Essentially a single family zone, but which also allows otner uses, some of which mav be 
fermitied subject to th2 rignt of apoeal to the Development Aooeal Board. 


-2C-1 — RESIDENTIAL CONVE RSION DISTRICT — Essentially a low density district enplied to many older areas of the 
City. Allows a mixtur2 of one and two family dwellings deoending on site area and under certain circumstances four suite 
2pariment oulidings may be parmitted, but sudject to the right of eppeal to the Development Aopeal Board. - 
“R-2 — RESIDENTIAL DISTRICT — Two family dwelling zone, usually applied to newer areas of the City. Semi-detached, 
dwellings ere common uses in these zones. : 
»R-2A — RESIDENTIAL DISTRICT — Terraced dwelling (row Rousing) Zone usually applied in newer areas of the City. 
R-3 and R4 - RESIDENTIAL AND GENERAL RESIDENTIAL DISTRICT- Usuaily aoplied to the newer residential - 
areas and to older districts which are not centrally located in the City. Walk-up apartment buildings are common uses. 
R-3A — SUBURBAN MEDIUM DENSITY RESIDENTIAL DISTRICT — Medium density 2zoartment district applied to areas 
winics ere adjacent to major suburban shopping centres or town centres. 
RS — MEDIUM DENSITY RESIDENTIAL DISTRICT — Medium density aoartment district aoolied to areas wnicn are 


@ciacent to the central area of the City and in some suourdan locations adjacent to major regional shopping or institutional: 
centres. Welk-uo aoariment buildings and medium rise 2partment buildings are common uses. 


R-4S — HIGH DENSITY RESIDENTIAL DISTRICT — High density high rise apartment district usually located within or 
adjacent to the central area of the City. Limited commercial or office uses are common to such areas. 


R-7 — RESIDENTIAL AND SPECIAL PURPOSE OFFICE DISTRICT — This district permits a mixture of residential and. 
Off{ce uses and buildings are often multistoried or high rise structures. 
Pt — PUBLIC SERVICE DISTRICT — Public service district allowing municipal services such as schools, utility buildings and 
other service instatiations. 
P-2 — PRIVATE SERVICE DISTRICT — Private service district allowing private institutional uses such as hosnitals, churches, 
homes for th2 aged, educational uses, etc. 
P-3 — RESIDENTIAL DISTRICT — Residential zone providing non-profit residential accommodation of the public housing 
type. 
C-} — COMMERCIAL DISTRICT — Commercial zon2 usually applied to local neighbourhood shopping areas and service 
station sites. 
C-2 — COMMERCIAL DISTRICT — Commercial zone applied to shopping centres in suburban locations and to other 
commercial 2reas which provid2 a wide range of services to a part of the City. 
C-2A — COMMERCIAL DISTRICT — Commercial zone epplied to older established strip commercial areas usually located 
2!ong major arteries. 

-3 — GENERAL COMMERCIAL DISTRICT — Commercial zone applied to older major commercial areas such as Whyte 
Aw2eue2, 118m Avenue in the Beverly area and Jasper Avenue west of 109th Street. These areas provide major shopping 
faciiiries aad in some cases were farmer centres of towns wnich hav2 been amalgamated with the City. 
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C-¢ — CENTRAL RETAIL AND OFFICE DISTRICT — Ceniral retail and office district in downtown Edmonton. 

C-5 — MOTEL AND SPECIAL PURPOSE OFFICE DISTRICT — as implied by the district name. 

C-6 — GOVERNMENT CENTRE AND OFFICE DISTRICT — as implied by the district name. 

C-7 — (RESTRICTED) TOURIST COMMERCIAL DISTRICT — Commercial district applied only to motel uses and 
us2s 2¢cessory to motel developments. : 

C-2— HIGHWAY COMMERCIAL DISTRICT — Highway commercial district applied to major entrances to the City to 


encourace commercial uses orientated to the travelling public. 


C-9 — MAJOR ARTERIAL COMMERCIAL DISTRICT — Commercial district applied to major artertal roads leading into 
the City where a wide range of commercial and semi-industrial uses are situated. 


M.A. — MUNICIPAL AIRPORT DISTRICT — Zoning category aoplying only to the Industrial Aircart property. 


CM — WHOLESALE DISTRIBUTION DISTRICT — Commercial and industrial, wholesale and warehousing district located 
in the central portion of the City adjacent to the central business district. 


CU — UNIVERSITY COMMERCIAL DISTRICT — Commercial, office and apartment district adjacent to and serving the 
University area. 


CC — CIVIC CENTRE DISTRICT — The Civic and Community Centre of the City containing administrative buildings and 
- salared compatible uses, including hotel and meeting facilities. 


M-1, M-2 and M-3 — INDUSTRIAL DISTRICT — Industrial districts wihich vary according to land use and performance 
stendards, A common description would be light, medium and heavy industrial zones. 


AG-M231 and AG-MR2 -- INDUSTRIAL RESERVE DISTRICT — Industrial reserve districts epplied to areas which are to 
be held for future expansion of industry. Usually located on the fringe of the City and used for agricultural purposes. 
Premature development within these areas is discouraged so that city expansion can occur on an orderiy and economic 
basis. 

AG — AGRICULTURAL DISTRICT — The general purpose of this district is to conserve the natural resources of such areas 
for purposes of primary production and to prevent the wastace of agricultural land on the fring2 of the city by sremature or 
scattered subdivision or deveiopment. 

AG-UR — AGRICULTURAL URBAN RESERVE DISTRICT — This district category is applied to land which is being held 
for city expansion purposes and where it is desirable to control development to prevent the estadlishment of any use or 
“building which would prejudice the orderly development of the area. 


AG-U — AGRICULTURAL GENERAL URBAN DISTRICT — The general purpose of this district is to control tne orderiy 
development of the city through the adoption by Council of a plan of subdivision and permitted uses where detailed zoning 
and mor2 specific categories have not yet been applied. 


Date: January 1972 
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APPENDIX I (B) 


TRIP INTERCHANGE DATA 
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Che City of Edmontian 


Engineering and Transportation Department 


Transportation Planning Branch 
Office of the City Engineer 


Edmonton, Alberta . 
Canada 
T55 2R7 


Apralue2 Sthal Ov 5y. 
File No.: 19066 XR: 500.09.6 


Professor John Hodgson, 
Department of Geography, 
University of Alberta, 
Edmonton, Alberta. 

T6G 2H4 


RE: 1971 Origin-Destination Statistics 
Dear Sir: 

We have now copied the tape file containing data for the 
234 traffic zones to your tape number 0579. I have enclosed a description 


of the record layout together with the format and blocking parameters. 


If you have any questions (or suggestions) please do not 
hesitate to contact me at 425-2485. 


Yours truly, 


Ae A f 
leach, 


~ O. Clement, Research Engineer, 
Studies and Research Section, 
TRANSPORTATION PLANNING BRANCH. 
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TIF.ALL.VO1.F234 


Record Format 


Layout: 


Word Number 


OMAN DUFF WYP 


FB(16848,72) 234 Blocks 


Description of Variable and Units 


Origin Zone Number 

Destination Zone Number 

Transit Choice Trips from Origin to Destination 
Transit Captive Trips 

Auto-Driver Choice Trips 

Auto-Driver Captive Trips 

Fraction by Transit of Choice Trips (3/(3+5)) 
Distance in Tenths of a Mile 

Auto In-Vehicle Time in Tenths of a Minute 
Transit In-Vehicle Time in Minutes 

Number of Transfers 

Wait Time=Half the Headway of First Bus 

Transfer Time=k Sum of Headways of Other Buses 
Excess Transit Distance at Origin in Metres 

Car Ownership at Origin in Cars per Person 
Excess Transit Distance at Destination fn Metres 
Excess Auto Distance at Destination in-—— Blocks 
Parking Cost at Destination in Cents per Month 


File is sorted by Origin Zone Primary 


Destination Zone Secondary 


Each block contains all records relevant to one Origin zone. 
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All variables are stored as floating point single precision binary so as to 


avoid the expense of converting from character (decimal) format to binary each 


time the file is read. 
The file can therefore be read in one of two ways in fortran. 


1. With system blocking on (default) 
Real A (18) 
Do 10000 “1 = 1454756 
Read. (1,100) "A 

100 Format (18A4) 


10000 Continue 


2. With system blocking off (blk=off) 
Real A (18,234) 
Do 10000 I = 1,234 
Read, (i, 100). A 

100 Format (18(234A4)) 


10000 Continue 


The second method is considerably more efficient and hence quicker and cheaper. 
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APPENDIX II 


TOTAL POPULATION, AREA, EMPLOYMENT 


AND EMPLOYEES BY TRAFFIC ZONE 
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TOTAL POPULATION, TOTAL CLASSIFIED LAND, EMPLOYEES AND 


EMPLOYMENT BY TRAFFIC ZONES 


Employees Employment 
Area of 
irartic Total Zone 
Zone Population (Acres) Total A.M. Peak Hour Total A.M. Peak Hour 


a tal 122 62752 36 10 1773 1208 
12 14 2/.62 12 0 3679 1627 
£3 550 3921S 208 eBl 3491 1852 
14 200 Siahyrad 62 i Eo esi 25/9 
raat 613 T0222 360 60 6565 4401 
22 3382 120.45\ 1781 380 792 380 
oes 1216 43.41 ey ie; 28 6767 3569 
32 970 133.40 214 50 7867 4704 
41 0 1.90 0 0 10 5) 
42 0 44.71 0 0 74 33 
44 0 De Od 0 0 342 188 
45 3947 162. 20m Lo S2 547 353 181 
46 334 10.44 iuseh 55 224 62 
of 0 EZE. 90 0 0 728 437 
ays 0 20697 0 0 862 1370 
8 ib Jo 190-02 | 1200 399 137 2 501 
54 0 10.21 0 0 270 107 
HE) 2 58.38 0 0 792 Bye) 
56 1801 168.22 663 285 584 246 
61 4 38.64 ug i 835 617 
62 6759 TSS. 2 63296 1399 743 432 
63 6 59.39 3 2 201 134 
64 52 56.12 rail Zz, 1023 649 
71 4299 169.54 2383 803 3778 1404 
We 2772 TehetS iTal 169 1524 824 
13 15y 38.93 oh 6 890 489 
81 0 31.84 0 258 nif? 
82 0 33.92 0 363 187 
83 27 40.54 6 is 144 69 
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Employees Employment 
Area of 
Traffic Total Zone 
Zone Population (Acres) Total A.M. Peak Hour Total A.M. Peak Hour 


84 4571 159% 34 1484 592 342 163 

85 4342 174.28 1611 605 440 Loe 
86 3456 148.21 1310 454 336 142 
87 it7 94.18 5 2 1038 BS) 
91 5484 153.26 1695 610 504 233 
Oe. 4429 132.15 Sd. 495 627 294 
93 656 37.43 220 sy) 141 68 
101 3664 90% 67 876 254 485 256 
102 304 43.36 81 15 217 95 
103 413 35.29 181 76 905 446 
104 Zonk 70.54 1183 SLh 118 35 
105 2915 94.65 886 260 374 180 
106 1249 1a hed 379 152 84 39 
Ly 524 P71. 38 75 83 137 74 
LEZ 3576 167.65 1225 488 190 85 
113 1620 82.67 628 pus ys 88 24 
114 232 76). #3 eZ 38 652 337 
115 954 58.70 309 142 47 18 
116 137 236.91 376 158 62 33 
121 134 224.85 47 V7, 229 “123 
P22 677 98.93 203 63 1091 436 
123 11 TESTE GAS) 2 if 939 Par 
124 903 71.40 267 8, 26 10 
125 693 23.16 206 57 87 22 
126 5401 214.29 1736 622 208 63 
nee 973 149.36 284 95 40 18 
E32 4815 b32.37 1524 563 380 105 
133 12 144.83 B) 3 11 4 
134 3456 196.23 1161 424 Eid 63 
435 1487 103.20 418 1538 61 31 
LB. 2573 142.00 826 338 142 74 
19? 2958 287.09 973 426 rae 24 


192 4757 210.46 1443 565 85 27 
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Employees Employment 

Area of 

Traffic Total Zone 
Zone Population (Acres) Total A.M. Peak Hour Total A.M. Peak Hour 


201 4954 227.62 1480 512 195 50 
202 192 57.51 61 9 14 4 
203 74 22.08 25 7 79 32 
211 5863 DO eIS. Ariete 724 111 34 
212 5672 265.41 1812 693 443 142 
221 5204 2687 1749 701 256 125 
222 3688 192.50 1175 498 76 28 
223 30 40.74 12 5 53 34 
261 1876 244.11 603 281 92 38 
262 2582 216.78 885 351 153 64 
vig 0 28.02 0 0 15 5 
272 4937 205.91 1682 656 273 134 
273 2404 114.59 889 328 222 107 
274 3834 Wai 275 489 254 87 
281 4522 231.71 1440 533 1151 349 
282 1072 raven 402 156 72 28 
283 2715 110.19 983 371 326 103 
284 0 64.94 0 0 1451 529 
321 2812 133.40 948 426 168 50 
322 2811 91.88 888 SYA 108 =< 
323 3181 1iGYqca ale) Simei (Ola? 389 185 74 
324 2153 91.11 667 271 113 33 
331 284 161.40 81 39 115 65 
332 5292 201.17 1619 703 180 67 
333 2985 123.50 920 396 142 66 
363 18 265.91 6 4 628 396 
393 43 304.93 12 3 137 67 
394 0 144.29 0 0 675 445 
395 0 98.22 0 0 546 366 
396 0 44.28 0 0 61 30 
401 0 67.64 0 0 488 265 
402 9 142.38 7 2 151 92 
403 0 229.73 0 ) 1919 1301 
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Employees Employment 
Area of 
Trattic Total Zone 
Zone Population (Acres) Total A.M. Peak Hour Total A.M. Peak Hour 
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404 Sy 140955 ty 4 330 196 
405 0 228.62 0 0 1861 1225 
406 356 1565 144 49 549 304 
411 3534 160359 Ba 543 196 88 
412 2888 Dis sPaeys 22 1074 488 481 234 
413 0 99.38 0 0 217 49 
414 0 41.39 0 0 474 84 
415 HS27 28.08 638 271 52 19 
416 779 40.11 302 £32 154 64 
421 152 55.56 40 18 311 162 
422 254 JAE e085) 83 26 £95 130 
423 3987 157.73 1402 srs 158 76 
424 2088 134.35 679 281 591 244 
431 1343 66.17 541 2 529 135 
432 3903 142.68 1839 774 192 84 
433 1935 90.98 682 353 181 93 
434 2676 97,536 1076 412 S77 288 
441 D92 30.84 205 79 20 8 
442 4487 142.68 2262 1012 L723 546 
443 802 126.41 357 137 411 ee wr: 
444 2933 39.94 1482 728 693 286 
451 1838 26251 1043 410 292) L%3 
452 iy 29.15 4 3b 250 150 
453 2564 So mis pe) 1386 563 877 432 
454 429 16.58 2352 56 10590 365 
455 2640 ¥59=65 1135 428 132 50 
461 2424 119.66 792 365 268 105 
462 2826 135.30 1071 Saf 186 58 
463 3002 157.36 1061 461 226 104 
464 3255 191545 1283 578 222 79 
465 1003 126.87 309 101 46 27 
471 3613 138.38 £E33 509 120 46 


472 2607 110.63 848 a5 97 28 
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Employees Employment 
Area of 
Traffic Total Zone 
Zone Population (Acres) Total A.M. Peak Hour Total A.M. Peak Hour 


ees eee 


473 1398 hl 318 437 213 33 b5 
474 2699 124 «12 901 364 109 44 
475 2664 120.70 856 341 103 49 
476 0 21.66 0 0 35 6 
477 142 69.13 47 16 334 135 
478 884 65.63 260 100 278 102 
479 1640 38 «55 613 215 563 167 
491 1954 142.61 760 289 178 70 
492 2422 114.54 785 282 61 20 
493 29:36 LL7 .83 982 368 oy) 19 
494 3883 214.45 1314 624 897 288 
495 4031 158.24 1205 578 255 64 
496 4511 189.92 1402 568 230 74 
497 0 30.33 0 0 225 42 
501 3686 246.43 1256 640 153 50 
502 1124 174.290 331. 218 30 6 
503 1870 80.72 613 310 26 10 
504 1843 335.30 501 247 35 16 
505 3421 LOA AT 956 579 99 26 
506 42 77 Oe 12 7 8 i 
511 5743 252 73 1758 738 610 162 
512 1958 101 431 612 32g 65 27 
og 5) 1889 167.80 587 345 53 17 
514 2d? 142.46 641 390 a9 20 
515 414 46.17 107 72 4 

592 oF 206.03 16 6 10 

593 1345 93.23 330 204 35 16 
595 822 111.16 199 128 19 if). 
601 3 273.08 1 0 2 24 
602 1432 139.46 509 192 1M 43 
603 20 132.11 10 2 7507 Soy 
604 152 121.88 2 0 669 274 


605 3256 98.55 936 209 648 201 
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Zone 


Total 


Population 


3402 
iN oe) 
260 
1862 
3058 
999 
2677 
3446 
4536 
1711 
Sled 
5022 
3022 
2703 


Area of 
Zone 


ee 


248.60 
379.26 
90.65 
218.73 
129.44 
41.80 
108.91 
658.96 
207.42 
202735 
147.20 
PhO bd bi 
163.94 
107.61 
82512 
12985 
158733 
185.15 
144.30 
102.47 
761 
120.84 
101.83 
93.68 
11118 
63.24 
584.39 
95.04 
133262 
56.44 
188.23 
95.69 
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Employment 
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Employees Employment 
Area of 
Traffic Total Zone 
Zone Population (Acres) Total A.M. Peak Hour Total A.M. Peak Hour 


a eeee— See 


724 0 30.65 0 0 322 74 
#25 2345 105.45 Se 416 329 78 
731 754 469.29 244 95 123 33 
432 3373 134.70 1247 Sje)) 149 45 
433 5241 307.43 1676 754 185 61 
741 4 230.22 3 3 108 70 
742 53 14.76 15 7 LS 5 
743 2824 111.94 1041 468 130 Ee] 
744 2020 99.06 697 318 137 29 
745 1682 66.23 528 247 141 34 
746 1298 88.66 488 Uy 78 25 
747 1779 55.58 741 289 E19 33 
748 0 36.67 0 0 138 16 
749 3 17.64 1 1 22 ub 
OL 3281 165.78 1103 561 142 58 
hese 1971 Gio17 684 353 Pail 1 
754 3312 150.21 1095 576 267 123 
135 4133 177.63 1220 550 7 oS 
781 3290 129..76 1071 513 203 60 
782 6197 274.60 1889 886 288 101 
783 5524 236.01 1879 815 599 269 
793 0 fou ear 0 0 116 44 
821 2324 1 Omae 867 380 65 Zz) 
822 2353 124.91 832 333 551 238 
823 1587 68.85 616 254 189 cps 
824 3367 131.61 1077 524 155 63 
831 473 43.48 170 74 7 Z 
832 4280 164.71 1518 650 209 78 
833 4652 215.42 1553 782 422 195 
841 27 90.88 i 0 956 637 
842 8 196.50 2 0 i1t2 809 
843 44 204.29 9 6 816 550 
844 2 81.46 2 0 208 116 
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Employees Employment 
Area of 
Traffic Total Zone 
zone Population (Acres) Total A.M. Peak Hour Total A.M. Peak Hour 


a -— —e— 


845 0 aks Ye PW | 0 0 12Z9 80 
851 40 168.20 4 1 376 273 
852 17 366.99 6 3 650 459 
861 11 85.68 2 1 102 56 
862 13 Skee 7 1 323 220 
863 16 991.24 5 2 628 433 
891 5 105.92 2 0 62 24 
892 49 Deo sto 5 4 343 Zit 
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APPENDIX III 


TOTAL EMPLOYEES AND DISTRIBUTION 


TO MAJOR EMPLOYMENT CENTERS 


! : P ae 


fan 
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on 


Traffic 
Zone 


Total AM. 
Peak Hour 


10 


547 


Employees 


Trips 
to 


CENTERS BY TRAFFIC ZONES 


TOTAL EMPLOYEES AND DISTRIBUTION TO MAJOR EMPLOYMENT 
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Trips to 
N.E. 
Industrial 
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TELpSeto Trips to 
N.W. Siiie 
Industrial Industrial 
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85 
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87 


292 


Total A.M. 
Peak Hour 


Employees 
5/2 
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to 
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176 


176 


138 
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114 
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Trips to Trips to Trips to 
N.W. S.E. N.E. 
Industrial Industrial Industrial 

CED | Zone Zone Zone 
36 u9 27 
50 18 45 
25 19 34 
44 22 1 
gk 23 24 

2 4 1 
16 At iE 
if 
3 
22 21 S) 
13 18 10 
3 3 
10 3 
22 26 34 
11 9 14 
2 
9 8 
4, 5 
1 2 
8 1 §) 
1 8 
3 5 
38 24 46 
2 10 10 
38 36 43 
3 
20 16 25 
> 8 5 
sy 74 12 
52 16 20 
50 52 47 
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APPENDIX IV 


DESCRIPTIVE STATISTICS ASSOCIATED 


WITH MULTIPLE REGRESSION 
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DESCRIPTIVE STATISTICS ASSOCIATED 


WITH MULTIPLE REGRESSION 


Form of the Equation: - The multiple linear regression equation 


has the following general form, 


Y= act by x) at b, X, +----+ bo x +e 

where, 

Y = The dependent or estimated variable. 

DP Xo» ---- Xx = The independent or explanatory variables. 

a = The Y intercept. 

bo> ae bo = The multiple correlation coefficients. 

e = An error term comprising the unaccounted variation in the 
dependent variable and the errors in the independent variables. 
This indicates the amount of scatter or variation about the 


regression line. 


The Multiple Correlation Coefficient: - The multiple correlation 
coefficient R evaluates the strength of the relationship between 

the dependent variable and the linear composite of the independent 
variables. The value ranges from 0 to +1 and the higher its value, 
the stronger is the relationship between the dependent variable and 
the set of independent variables used in the explanation. 

R?: - This is also called the ‘coefficient of multiple determination' 
and it represents the proportion of total variation in Y that is 


associated with or "explained by" variation in the independent 
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variables. It is the square of the multiple correlation coefficient. 


4. Partial Regression Coefficient (b): - The partial regression 
coefficient indicates the net relationship between the dependent 
variable Y and each independent variable while taking into con- 
sideration other variables in the equation. A partial regression 
coefficient b, indicates the magnitude of expected change in Y 


1 


(either increase or decrease) for a unit change in X while 


controlling for or holding constant Xo» a Xo: 

D2 Matrix of Correlation Coefficients: - This is a matrix of simple 
correlations among the variables. It enables us to evaluate the 
relative independence of the independent variables and to observe 
the strength of the relationship between Y and each X, taken 


individually. These are presented in Appendix V. 


STATISTICAL INFERENCE IN REGRESSION ANALYSIS 


Although descriptive statistics obtained from regression 
analysis may be used on their own, it is often desirable to generalise 
to a population, especially when the regression analysis is based on 
a sample from the total population. This is done by testing statistical 
hypothesis about the population parameters based on results obtained from 
the sample. The F ratio hypothesis testing procedure is used to test 


the statistical significance of the regression analysis. 
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Significance Test for R: - This is a test for the overall 
statistical signficiance of the regression equation. It 
tests the hypothesis that the multiple correlation coefficient 


is zero in the population from which the sample was drawn. 


(Variation or total sum of squares 
in Y explained by the regression 
The F statistic = as AEA Sioa bid Ay Soe ule ae 
(Variation or Residual sum of squares 
in Y unexplained by the regression 
equation) /N-k-1 


distributed with k and N-k-1 degrees of freedom where, 


N 


Sample size, and 


k 


Number of independent variables in the equation. 


Significance Test for the Regression Coefficients: - 

This is a test for the individual regression coefficients and 

is used to investigate the hypothesis that there is no linear 
relationship between the dependent variabie and each independent 


variable. This test is made using, 


(Incremental variation or sum of 


jal Né lained by X AL 
The F statistic = SQUAT C2 ge eee ree p/ 


(Variation or Residual sum of squares 
in Y unexplained by the regression 
equation) /N-k-1 


distributed with 1 and N-k-1 degrees of freedom where, 


N Sample size, and 


k = Number of independent variables in the equation. 
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CORRELATION MATRICES 
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APPENDIX VI 


SOME OF THE MODELS OBTAINED FROM THE ANALYSIS 
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APPENDIX VI (a) 


CENTRAL BUSINESS DISTRICT 


Multiple R= .819 F(5,1040) = 422. a= .0005 R* = .670 


Variables b F(1,1040) 7 
0; -0470 1295". .0005 
-. -00662 788. -0005 
DIST -.0831 22.4 0005 
AUTO 10'.9 4.74 05 


TOTAL MSPLIT -.0526 -046 NOT SIG. 
Constant -19.3 


La} 
Multiple R= .819 F(5,1040) = 423. a= .0005 R° = .671 


Variables b F(1,1040) 1 
0; 0475 OpaE .0005 
ee .00660 S13. -0005 
DIST -.0832 2363 0005 
AUTO 10.4 4.44 -05 
AUTOCAP MSPLIT 6.93 1.84 eas 


Constant -19.4 
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BUyeMultipiicl GR] 6620) (6.1039) = 355. a = (0005 Ro = .672 
Variables b F(1,1039) a 
0; -0469 1302. -0005 
Bi -00662 819. -0005 
DIST -.0729 1557. .0005 
AUTO ee 3.03 3025 
CHOICE MSPLIT -1.65 2.91 10 
HIGH RES 20 232 25 
Constant -19.5 
4. Multiple R= .821 ¥F(5,1040) = 429. a = .0005 Ro = .674 
Variables b F(1,1040) a 
0; -0466 1291. -0005 
D, 00661 823 -0005 
DIST -.0573 9.37 .005 
LOW RES -5.5 120 .001 


Constant -16.8 
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‘APPENDIX VI (a) - Continued 


5. Multiple R= .822 F(5,1040) = 433. a = .0005 R? = .676 


eee 


Variables b F(1,1040) a 
see ERE ARE OS Bi ST ee re ee ae 
0, 0471 1309. -0005 
be 00665 836. -0005 
WEIGHTED T. TIME -.205 LSS 0005 
AUTO az 6.03 <025 
LOW RES -4.90 8.94 -005 


Constant -15.3 


6.) YMultiple R=..821) F(5,1040) =-429. ‘a =..0005 R? = .674 


CC rrr — —— —— 


Variables b F(1,1040) a. 

0; 0467 1292. 0005 
D 00661 824. -0005 
DIST -.0601 10.6 -0005 
AUTO 15.4 9.35 .005 
MED RES 5.90 10.7 .005 


Constant -22.4 
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' APPENDIX VI (a) - Continued 


7. Multiple R= .822 F(5,1040) = 433. a = .0005 R? = .676 


———————— i re ee ee 


Variables b F(1,1040) a, 
Sse ee RT ee 
0; 0471 t511. 0005 
> -00666 837. 0005 
WEIGHTED T. TIME -.211 16.9 .0005 
AUTO 12.8 6.45 O25 


MED RES Die 33 8.73 -005 


Constant -20.3 
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3. Multiple R= .669 F(6,852) = 115. -0005 R 2443 
Variables BC.852) a 
0, 240% -0005 
oe 1302 -0005 
DIST 242. .-0005 
AUTO LeD2 25 
AUTOCAP MSPLIT 30.6 -0005 
MED RES 24.6 -0005 
Constant, 9.753 
4. Multiple R= .670 F(6,852) = 116. -0005 R- = .449 
Variables F.(1,,852) a 
0; 2350 0005 
D. 1345. -0005 
J 
DIST 246. -0005 
AUTO 9.58 -005 
AUTOCAP MSPLIT 29.3 -0005 
HIGH RES 26.4 -0005 
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Constant -.508 
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APPENDIX VI (b) 


SOUTH EAST INDUSTRIAL ZONES 


Multiple R= 644 F(5,853) = 121. a = .0005 R? = .415 


Variables b F(1,853) a. 
0, 00683 198. .0005 
D, 00634 10a. 0005 
DIST -.0647 248. .0005 
AUTO 4.94 6.14 025 
CHOICE MSPLIT 1.29 6.98 On 


Constant .038 


Multipie R = .643 F(5,853) = 120. a = .0005 R = .413 


Variables b F(1,853) a 
0; .00683 197. .0005 
We 00648 140. -0005 
DIST -.067 262% .0005 
AUTO 4.39 4.80 .05 
TOTAL MSPLIT -1.04 4.07 305 


Constant .434 
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- APPENDIX VI (b) - Continued 


5. Multiple R= .6 F(5,853) = 140. o = .0005 R? = .4 


Variables b EG .653) a 
0, .00766 262. .0005 
Ds .00613 _ 130. -0005 
DIST -.0640 249. -0005 
AUTOCAP MSPLIT 23:30 29.6 .0005 
MED RES -3.24 31.6 -0005 


Constant “71.62 
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APPENDIX VI (c) 


NORTH WEST INDUSTRIAL ZONES 


Multiple R= .695 F(6,906) = 141. a = .0005 R2 = .483 


ee ee 


Variables b F(1,906) oO. 
a a ae EE aS SR EE eee ee ea Ee 
0, -00907 263 0005 
»; - 00634 7° 368 -0005 
DIST -.0694 Zee 0005 
AUTO -7.04 SESW -005 
PCOST - .0121 | Siew -10 
CHOICE MSPLIT o257 Aa lay f NOT SIG. 


Ee 


Constant 4.09 


Multiple R= .699 F (6,906) = 144. o = .0005 R? = .488 


EES 


Variables b F(1,906) (o1 
eee ee ee en eee ee ee a Nee 
0, .00919 273 -0005 
D 00645 384 0005 
DIST -.0705 231: 0005 
AUTO -8.408 13.4 0005 
PCOST -.0129 3.91 .05 

TOTAL MSPLIT -1.594 9.62 005 


Constant 4.66 
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“APPENDIX VI (c) - Continued 


os Multiple R= .723 (F(7',905) = 141. a= .0005 Ro = .522 

Variables b F(1,905) a 
0; .0103 343. .0005 
a -00610 e 366. -0005 
DIST -.0674 225i: .0005 
AUTO -6.25 Sako 005 
PCOST -.0130 4.23 205 

AUTOCAP MSPLIT 21.9 67.4 -0005 

HIGH RES -7.77 6.33 “O25 
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APPENDIX VI (d) 


NORTH EAST INDUSTRIAL ZONES 


2 


Multiple 1.R = .584* F(5,264) = 27.4 a= .0005 RY = £342 
Variables b F(1,264) a 
0; -00558 54.8 -0005 
ue .00541 ~ 1223 0005 
DIST -.0487 49.9 .0005 
AUTO -4.66 161 “25 


TOTAL MSPLIT 64. 3.68 -10 


Constant 2.98 


2 


Multiple Ri=";561 F(53264) <= 26.9. <a.=<.0005. Rs = .338 
Variables b F(1,264) a 
0; - 00607 59.1 -0005 
D. -00564 . 1304 -0005 
I 
DIST -.0479 46.6 0005 
AUTO -8.45 4.95 .05 
AUTOCAP MSPLIT 4.00 2.08 ee 


Constant 3.94 
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See ehuLtiple (R°= 2644 9 F06.263) = 31beial=- 40005 R = .415 
Variables b F(1,263) a 
0; -00526 51 a2 -0005 
nit -00517 12 -0005 
DIST -.0461 50.1 -0005 
AUTO -7.19 4.47 -05 
CHOICE MSPLIT 6.02 2728 -0005 
MED RES -2.95 eval AOL 
Constant 4.19 
PUMMULTiplcd sh =10636. 806.263) 29.8 a =. 0005 Bae 405 
Variables b EC 1.260) a 
0; .00493 45.6 -0005 
Di -00497 LA <OOL 
Drs. -.0461 49.1 -0005 
AUTO -4.86 ZeOr ay Aa) 
CHOICE MSPLIT 6.20 29.0 -0005 
HIGH RES -7.19 2.3 a de 


Constant, 3.36 
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APPENDIX VI (e) 


COMBINATION OF THE FOUR EMPLOYMENT CENTRES WITH CBD/INDUSTRIAL DESTINATION 


‘SPECIFIED (LINEAR) 


2 


Pe oMultiple .R = 9.781 §£(353083) = 1605; «a-=30005 Rv =«<610 
Variables b F(1,3083) a. 
0; nO2Lo oe 1852 -0005 
ay -00641 1329. 0005 
D1 sy afi Wl apileg/al NOT SIG. 


Constant -8.18 


2 


2. Multiple R = .793 F(4,3082) = 1306. a = .0005 R = .629 
Variables b F(1, 3082) a 
0, 0216 1295; 0005 
D: -00646 1416. -0005 
Y) 
DIST -.0718 159: 0005 
D1 «928 3.38 2D 

Constant -5.40 
72 

3. Multiple R= .792 F(4,3082) = 1300. a= .0005 R = -628 
Variables b F(1,3082) a 
fe) BO 2 Ey: POOL. -0005 


D -00657 1455. -0005 
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APPENDIX VI (e) - Continued 


W TTIME 2254 ‘hey le -0005 


D1 -.476 914 NOT SIG. 


ee ee ee 


Constant -4.02 


2 


4. Multiple R= .793 F(5,3081) = 1046. a = .0005 ee = .629 


ee ee a eee eee ee eee 


Variables b F(1, 3081) a 
SS a tl a ede Ae crt Pe eee ee 1 LO a ee Ee tary 
a 0214 1240. -0005 
Le - 00646 1416. -0005 
DIST =.0722 Lol. -0005 
AUTO 4.10 2.85 05 
D1 935 3.43 10 


Constant -6.70 


2 
5. Multiple R= .793 F(6,3080) = 871. a = .0005 R° = .629 


nn 


Variables b F(1,3080) a 
0, 0214 1239. .0005 
D, 00642 1212 .0005 
DIST 20720 161. .0005 
AUTO 4.07 ; 2.82 10 
PCOST 00051 2375 NOT SIC. 
D1 1.03 3.81 .10 
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APPENDIX YI (e) - Continued 


6. Multiple R= .793 F(6,3080) = 871. 


dé 


-0005 R = .629 


Variables ee b F(1, 3080) a 
0; 60215 1241. -0005 
we -00647 1405). .-0005 
DIST -.0724 162. -0005 
AUTO aon) 2.87 .10 

CHOICE MSPLIT -.519 -855 NOT SIG. 
D1 Be atey 4 2-59 "25 

Constant -6.57 

7. Multiple R= .793 ¥F(6,3080) = 871. .0005 R = .629 

Variables b F(1,3080) O 
0; -0214 1236. 0005 
Us -00646 VS76% -0005 
DIST -.0722 159% -0005 
AUTO 4.07 2090) 10 

TOTAL MSPLIT -.0113 .004 NOT SIG. 
D1 929 on28 PLO 


Constant -6.69 
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8. Multiple R= .794 F(6,3080) = 873. a = .0005 R? = .630 
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Variables b F(1,3080) a 
0; 0217 1194. -0005 
oh -00644 1407. -0005 
DIST -.0716 158; -0005 
AUTO Bere 2041 G25 

AUTOCAP MSPLIT 5.34 SoH LO 
D1 878 B02 a 0) 

Constant -6.77 

9. Multiple R = .793 F€5,3081) = 1046. a= .0005 R- = .629 

Variables b F(1,3081) a 
0, -0219 1253% -0005 
DF -00644 1407. -0005 
J 
DIST -.0712 156. -0005 

AUTOCAP MSPLIT 5.66 4.02 eal fr) 
D1 868 2.95 .10 


Constant -5.58 
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APPENDIX VI (e) - Continued 


10. Multiple R= .793 F(6,3080) = 872. a = .0005 R* =..629 


Variables b F(1, 3080) . aaa 
ae eatin earthen Ng Date ren og lier nh halal Mm aol ged eg tenn eaters 
0; .0219 1253. -0005 
He -00644 . 1407. .0005 
DIST = 30721: Deas. .0005 

AUTOCAP MSPLIT 5256 3.88 -05 
LOW RES -624 - 780 NOT SIG. 
“Dl 881 3.04 a0 


—_—_eoOorororoo-------—=>:: nk eee 


Constant -6.09 


ii. Multiple R= .793 F(6;3080))= 872. a = -0005 R? = .629 


Variables b F(1,3080) a 
0; -0219 © 1254: .0005 
w -00644 1407. .0005 
DIST -.0720 156. .0005 
AUTOCAP MSPLIT 5.50 3.90 -05 
MED RES -.676 «139 NOT SIG. 
D1 -879 3.03 re) 


Constant -5.47 
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a2. Multiple sR = \.795 


Variables 


0, 
i 


Dy 
J 
DIST 
AUTOCAP MSPLIT 
HIGH RES 
D1 


Constant -5.55 
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F(6,3080) = 872. a = .0005 R2 = .629 
b F(1,3080) . a 
.0219 12525 -0005 
-00644 1406. .0005 
-.0716 ILS) -0005 
5.60 3.93 05 
-1.67 me? a NOT SIG. 
874 2.99 ~10 


a  eeteryapeelivasabenetinetani pioneer nace = eatin renee ae 


i! 6 ue 


cm ; 
rhc crtcicaivhion Maciaca aide endgame tee ya mana hr encarta <n 


‘Pa a 
4) AJ we 
Pel 

mot) te 
eHow 


20, 


ey es re 


esa, 


| emcee pn ar rete gtr cmap rem iplinarmmna e etch : 
f ’ ee f N We if 


r ‘hy ? A 
: eh | i 
; ‘ ii 
[ 
Wh EN 
hi} Y iat , 
4 ty i 
-4 - mp 
j ie iy 
7 \) orca : 
Louies s h i } 
: i i 
« + = 


by ‘itpoo. a te 
. iat oi ay 
i mary a - ne ; 


Cone , 58 RON AY 4 ¥ aes at, wa 


see Wea 


te RAAT ht Om 5 : mee 


~~ Aitut | 
ee. i ys 


249 


APPENDIX VI (£) 


ALL WORK TRIPS IN THE CITY WITH CBD/INDUSTRIAL DESTINATION SPECIFIED (LOG) 


Multiple; R = .792 F(3;3083) = 1725.) ‘a ’= .0005 R? = .627 
Variables b F(1, 3083) a 
Log of 0, a0. 0 1358. 0005 
Log of D, 728 969. -0005 
D1 -.122 33.0 -0005 

Constant -2.77 

Multiple R = .825 F(4,3082) = 1647. a =.0005 R = .681 

Variables b F(1,3082) a 
Log of 0; 595 797% -0005 
Log of be of 56 i274. .0005 
Log of DIST -.483 528). -0005 
D1 -.0480 5.86 025 
Constant -2.20 
2 
Multiple R= .820 F(4,3082) = 1583. a = .0005 R = .673 


i 


Variables b F(1,3082) a 
LOSES ARS Santas a eee a Se hen EP A 
Log of 0; -603 755% -0005 
Log of D, . 788 T2774. -0005 


Log of W TTIME -.561 432. -0005 
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APPENDIX VI (f) - Continued 


D1 sonal BS) 36.1 -0005 


Constant -2.39 


Ly 6 Multiple. R= .826° F(5,3081) = 1321. a = .0005 R? = .682 


Variables b F(1, 3081) a 
Log of 0; -587 1636. -0005 
Log of Ds SSIS 2 2c -0005 
Log of DIST -.488 Sey -0005 
Log of AUTO oL47 RAS 025 
D1 -.0477 seve) 1025 


Constant -2.09 


5. Multiple R =¢862 F(6,3080)) =-1103. Yac=' 0005 R? = .682 
Variables b F(1, 3080) a. 
Log of 0; -588 1641. -0005 
Log of we . 766 1198. -0005 
Log of DIST -.489 538. -0005 
Log of AUTO -148 St .025 
Log of PCOST -.040 5.09 .025 
D1 -.0659 9.50 .005 


Constant -2.03 
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APPENDIX VII 


COMPARISON OF PREDICTED WORK TRIPS 


WITH ACTUAL WORK TRIPS 
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COMPARISON OF PREDICTED WORK TRIPS WITH ACTUAL 


WORK TRIPS TO THE CENTRAL BUSINESS DISTRICT 


District Observed Model Model Model Model Model Model Model 


Be hoies = Ue eee No. 2 No.3 No. 4 Nos 5 “e264 NOL 7 
ue ii 11 30 39 40 125 14 16 
2 95 133 160 160 Bs 2 200 £35 149 
3 29 oul SL SW 39 126 26 29 
4 271 197 241 206 209 241 182 Lia 
5 250 220 242 234 238 266 219 219 
6 528 452 468 475 476 299 So 341 
re 430 330 365 345 349 355 280 291 
8 507 539 550 519 526 498 474 454 
9 358 382 405 353 360 407 343 339 

10 495 408 475 443 474 650 416 424 
rt 414 364 363 336 350 583 386 360 
42 232 291 267 228 239 398 266 243 
1S) 506 503 439 414 427 526 493 446 
19 291 322 289 283 288 262 293 ZO 
20 169 196 181 170 174 219 156 143 
2¥ 379 463 451 433 438 345 389 360 
Ze 315 395 SY Es 366 370 316 341 310 
26 toy 203 186 186 190 Lee 206 188 
27 505 478 473 462 468 431 435 407 
28 364 341 336 323 330 368 352 310 
32 427 470 437 408 491 474 460 421 
33 341 365 340 324 a 330 328 298 
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PeDistrl ot Observed Model Model Model Model Model Model Model 


39 = = “, = =: = e - 

40 12 34 28 Zs 36 95 19 17 
41 426 467 464 496 504 495 443 414 
42 245 116 107 84 92 270 124 116 
43 566 474 493 478 489 524 460 419 
44 850 635 678 704 720 619 544 253 
45 621 470 535 Nef 610 565 456 475 
46 pss) 657 674 585 685 678 616 588 
47 496 690 650 624 643 824 674 620 
49 793 ~ 878 827 roid 821 748 812 740 
50 715 655 632 668 669 530 606 562 
pl 612 599 526 536 547 548 563 505 
59 bhai kt 103 76 81 88 192 12] 109 
60 148 140 156 156 162 235 141 138 
61 218 298 300 310 314 309 266 247 
62 76 104 98 109 Alp ig 114 106 97 
63 335 363 353 S12 Say 347 335 312 
64 178 185 1572 176 178 144 164 148 
65 527 653 609 611 620 539 ee 502 
68 2S 375 37 376 385 484 361 339 
69 631 738 765 736 748 125 677 657 
70 592 643 675 679 686 547 554 555 
7 ia 28 26 533 25 28 94 a3 32 
72 362 403 439 400 418 500 338 383 
73 501 461 462 469 474 424 393 387 


74 542 _ 482 514 502 515 655 492 477 
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District Observed Model Model Model Model Model Model Model 


MOLE ee ermeeert No. 2: Nos Nowe” No. 5 No. 6)’ No. 7 
75 C37 663 662 646 655 591 599 566 
78 703 12 VOM 709 7415 550 600 Si: 
79 s : cs zs : : a : 
82 388 OL 491 469 477 518 467 446 
83 400 493 503 485 490 444 422 407 
84 = x - 2 = _ J . 
85 Z 24 23 10 11 43 i: ng 
86 H | 4 4 5 5 14 0 0 
89 - 0 ar ie! 0 0 7 0 0 
TOTAL 19,940 20,120 (205126. 195596, 20,182 21,006" 118.448 17,559 
DIFFERENCE + 160 + 189 - 344 + 242 + 1066 - 1492 - 2381 
% DIFFERENCE + O.8Z% + .9Z =< Me ee ob S14, <= 72526 =11 79% 


OF TOTAL 


Model No. 1 T,, = -19.2 + .0473 0, + .00658 D, 
iJ i J 
Model No. 2 Ts; = -16.1)5 47.0475 0; + .00661 D, - .0758 DIST 
Model No. 3 ee = -22.4 + .0467 0, + .00663 > e000) Dot ot lo. GaAUrO 


- 1.45 CHOICE MSPLIT + 5.6 MED RES 


Model No. 4 ine = -16.7 + .0466 0; + .00663 ar =) sOo90UDISL4+.15.1 AUTO 
- 1.43 CHOICE MSPLIT - 5.2 LOW RES 


Model No. 5 re = =4.55 + .0216 0, + 200621 ne - .0699 DIST 
ModelsNo. 6): To, * 416+ ./85°0. 496900. 

1J 1 J 
Model No. 7 ie = -4.04 + .792 0; #6972 . = 20947 DIST 
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COMPARISON OF PREDICTED WORK TRIPS WITH ACTUAL 


WORK TRIPS TO THE SOUTH EAST INDUSTRIAL ZONES 


DiSERTCE Observed Model Model Model Model Model Model Model 


eee) pl ee Noi No.’ 2 Nos 3 “ANoe ho © Now’ 5. NO 6 NoL)7 
ul 1 1 1 = ope 2b = i if 
2 Ze 30 48 28 44 12 24 Sy 
3) 4 5 9 = Vf - 26 4 4 
4 15 38 29 25 29 39 28 22 
5 25 45 40 38 39 19 38 32 
6 44 109 105 112 110 236 53 48 
r 25 76 78 58 78 108 51 48 
8 56 109 87 87 88 119 80 64 
9 47 81 74 76 74 86 61 47 
10 59 93 107 67 102 34 78 77 
Lb 58 91 WZ 74 67 - 20 70 59 
2 30 49 35 37 34 19 37 28 
3 92 110 36 32 34 - 39 95 63 
19 48 70 ae 19 25 32 D3 34 
20 10 24 16 15 16 20 18 13 
Ze 43 83 ety 58 59 57 55 39 
22 47 93 45 40 48 85 65 43 
26 7 24 8 4 7 - 4 17. rE 
27 47 82 45 37 45 Da 62 44 
28 31 76 34 32 33 a by4 60 41 
32 53 90 14 10 13 - 25 76 47 
33 34 60 22 1/7 23 36 45 28 
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District Observed Model Model Model Model Model Model Model 


Mec) gee tyes Bt No.2 | No. BY Me. i) No. 5° No. 6 NG. 
39 - - ~ = = bs ~ - 
40 1 2 24 1 iL =D 1 1 
41 48 92 54 34 53 34 TA 52 
42 24 21 - il 2 3 - 61 19 14 
43 51 89 61 54 60 44 72 55 
44 42 Bs LIL 93 114 190 70 64 
45 48 91 99 50 96 91 70 70 
46 | 78 123 85 85 84 83 96 43 
47 120 152 64M 18 28 - 62 129 82 
49 123 184 103 95 103 106 148 105 
50 43 90 61 63 60 45 71 54 
ii 63 138 80 79 80 85 85 65 
59 Pas) 26 24 23 7 - 27 24 21 
60 24 28 43 41 40 3 25 ati 
61 70 78 98 93 95 67 62 69 
62 38 27 36 34 35 20 24 a7 
63 123 84 116 23 114 131 63 90 
64 55 43 41 45 42 57 Bi 28 
65 242 161 120 195 189 267 106 13 
68 222 100 164 159 160 142 82 156 
69 232 a7, 267 OT 262 276 135 229 
70 209 53 208 195 208 290 105 168 
AL 9 S Ley 14 19) - 9 5 9 
72 176 107 165 174 160 126 86 122 
1S 148 115 147 148 145 181 81 99 


74 15) 32 170 170 162 66 117 125 
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MoOLStrLet Observed Model Model Model Model Model Model Model 


NO eae eNOu No.2. No.3. .No. shoo No. 5 ~ ‘No. 6 “No. 7 
75 218 160 155 164 55 186 120 110 
78 332 169 195 209 196 313 109 133 
79 - - - - - - - - 
82 279 ae nt 228 239 221 187 109 220 
83 241 122 Lys 187 173 237 83 148 
84 3 i 5 6 5 => L 0 2 
85 2 2 z 8 6 - 6 iL I: 
86 . = < - = - - - 
89 = = - - - - - - 

TOTAL 4,242 4,326 4,105 3,946 4,057 3,902 ce ae /s | 3,073 

DIFFERENCE + 84 - 137 - 296 - 185 - 340 - 971 - 869 

% DIFFERENCE +1 .962 =3.27 -7.0% -4.4% -8.0% -22.9% -20.5% 

OF TOTAL 

Model No. 1 he = =—1.91 + .00728 0; + .00580 at 

Model No. 2 Th = 1.72 + .00707 0; + .00645 Dy - .00663 DIST 

Model No. 3 hr = -1.50 + .00766 0; + .00615 D - .0648 DIST + 3.19 LOW RES 


+ 22.7 AUTOCAP MSPLIT 


Model No. 4 T,, = 1.45 + .00761 oe .00612 D, - .0642 DIST 
Model No. 5 Ts, = -4.55 + .0216 0, + .00621 D, - .0699 DIST 
Model No. 6 T,. = -2.29 + .489 OO, + .564 D. 

ij 1 J 
Model No. 7 Ty, = >be 54h -505 404 +7 <628 D, - .678 DIST 
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COMPARISON OF PREDICTED WORK TRIPS WITH ACTUAL 
WORK TRIPS TO THE NORTH WEST INDUSTRIAL ZONES 
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- District Observed Model Model Model Model Model Model Model 


40 10 12 27 33 29 9 10 20 
41 203 ieee 208 | alee) 2055. haze) ose hapa 
42 116 41 7s 166 9 -we 37 55 
43 198 iee=’ 190 > wee tes gs 8 
44 123 is OCs a Ee % 135 
45 77 ie ..225 a2) | S93" | 496 81 86 
46 227 Tee e256 |) 25a 250 = 8p 
47 383 ip sat 5 aan 4g0% 9 219+. 364.) 38G 
49 435 980° 4,002 4,822 4,095 4.002 4.497 3.238 
50 190 164 + 211 + 187 + 208 - 198 -1,229 -,.055 
51 227 160 40163 40162 40162 -sie7 <25123 -217y9 
59 14 19 13 10 ores oy 18 15 
60 3 21 22 18 23 12 15 14 
61 15 53 49 42 49 47 40 37 
62 22 30 15 6 Tome el 26 20 
63 32 58 43 43 43 48 43 34 
64 22 40 22 20 21 32 29 20 
65 58 133 84 81 82 120 84 62 
68 46 81 50 39 52 37 62 49 
69 75 155) ao4 ooh 103) Sta las 96 
70 64 fon) 1154, Ady 110 | cen 83 74 
71 4 12 10 9 11 0 7 5 
72 44 88 62 58 64 41 69 54 
73 45 81 55 67 62-100 53 43 
74 46 110 63 55 69 19 89 66 


75 71 138 76 ae 76 99 100 71 
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DIStrict Observed Model Model Model Model Model Model Model 


Bene) ee eeeNemiee (No.2) Now 3 No.4 No.5 | * Nos 6 “MNowt7. 
78 72 145 104 108 98 ‘ae 95 70 
79 - - ~ % - - - - 
82 58 po 65 62 68 46 88 66 
83 DE 99 74 76 dz 99 66 50 
84 3 6 3 13 4 - 3 1 if 
85 s : = = = . = 2 
86 2 5 - 6 Z a - 16 0 al 
89 = = : _ = : = = 

TOTAL 633 4,679 4,665 4,676 4,639 4,458 3,444 3,629 
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COMPARISON OF PREDICTED WORK TRIPS WITH ACTUAL 


WORK TRIPS TO THE NORTH EAST INDUSTRIAL ZONES 
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District Observed Model Model Model Model Model Model Model 


No. =, Nou 1 No.2 No. 3 No.4 No.5 No.6 Now 7 
39 - - - - - - - 
40 1 2 1 1 1 -%%5 1 1 
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45 12 26 23 8 24 19 16 17 
46 20 36 25 23 26 25 22 21 
47 32 44 10 18 6-35 29 23 
49 23 48 3 16 4 = 3 29 20 
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District Observed Model Model Model Model Model Model Model 
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APPENDIX VIII 


GRAPHICAL COMPARISON OF OBSERVED AND 
PREDICTED VALUES FOR THE NORTH WEST 


AND THE NORTH EAST INDUSTRIAL ZONES 
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